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TESTING AND EXPERIMENTING WORKS, 
Q-ROVB, sotjthwark: street, 

(Weib sue of Itan. lASTOH, AHOS, ft SOHS' WotaJ 

LGITDGIT, S^E. 
> ^♦^ < 

Engoxtbaged by the favoarable reception given to the publication of 
** Experiments- on Wrought Iron and Steel,"* and believing that the 
necessity is every day becoming more apparent of ascertaining, 
previous to their being used, the resisting and other mechanical 
properties of the various materials employed in the constructive arts, 
I have erected, at the above address, under a patent obtained by 
me, a powerful and accurate Testing Machine. By this apparatus 
the respective strengths of various substances, especially Iron and 
Steel, and generally Metals and their Alloys, Stones, Bricks, Wood, 
&c., may be satisfactorily determined. It is adapted for any kind of 
strain or stress — ^PtQling, Crushing, Bending, Twisting, Shearing, 
Punching, Bulging, Buckling, Collapsing, or Bursting, — and to any 
amount, from 10 lbs. to 1,000,000 lbs. By means of the Patent 
Indicator Dial attached to the apparatus, the slightest change in the 
form of the article under experiment, whether by elongation, com- 
pression, deflection, or otherwise, is readily observed and exactly 
measured. The elastic limit, or the point at which permanent set 
takes place in materials, can thus be ascertained with precision and 
duly recorded. I am ready to undertake the testing of such materials 
as may be entrusted to me, and to report upon the results. When- 
ever it is desired that the investigation shall be private, and 
instructions are sent to that effect, t^e strictest confidence may be 

relied upon. 

* The Prize Gold Medal of the Isstitatioii of Engineers in Scotland for Session 1862-8 
was awarded to the Author. 
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PREFACE. 



The circumstances leading to the experimental inquiry of which 
the following treatise forms the record, may be briefly stated as 
follows: — 

Messrs. Eobert Napier <fe Sons having received orders for some 
high-pressure boilers and marine machinery, where lightness combined 
with strength was of the utmost importance, it was proposed to use 
"homogeneous-metal" for the one and " puddled-steel" for the other, 
instead of wrought-iron as oi*dinarily employed. As these materials, 
however, had then been only recently introduced, it was considered 
prudent, before employing them, to ascertain their relative merits; and 
with this view the apparatus, to be described afterwards, was erected. 
At the time it was only intended to test a few specimens of each, but 
the investigation proved both so interesting in itself and so likely to 
conduce to important practical results, that I was induced, under the 
sanction of Messrs. Napier, to extend the experiments, as leisure 
and opportunity offered, very considerably beyond what had been 
originally contemplated. The testing was commenced on 13th April, 
1858, and terminated 18th September, 1861, during which time the 
same apparatus was employed by me in testing for Messrs. Napier 
the strength of the iron plates and angle-iron to be used in the 
construction of H. M. armour-cased ships "Black Prince" and 
"Hector." 

The results of some of these experiments were sent by Messr& 
Napier to the Institution of Engineers in Scotland, and were published 
in 1859 in the second volume of its Transactions. The Tables were 
accompanied by illustrative Plates (the first four of the present series) 
and a few explanatory remarks, but without any direct expression 
of opinion, as it was then considered advisable merely to present the 
numerical results, and leave every one to draw his own conclusions. 
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The Scottdsh Shipbuilders' Association having expressed their wish 
that I should furnish it with an account of my experiments^ and the 
conclusions at which I had arrived, a paper was, accordingly, with 
the concurrence of Messrs. Napier, drawn up by me, and was read 
before the Association at its meeting in April last year. As the 
time allowed for its preparation was necessarily limited, and as many 
of the calculations and experiments hereafter tabulated were then still 
in progress, it was agreed that no discussion should take place until 
the whole subject was &,irly completed. Although a much longer 
time has elapsed than I could have wished, between the reading of the 
above paper and the publication of the present essay, I trust that a 
due allowance will be made for the importance of the subject and the 
amount of work to be performed. 

The experiments were made for, and in the Works of, Messrs. 
Napier, but the entire management was left to myself, to act as I con- 
sidered to be for the best advantage* It may also be stated, that I 
received no assistance whatever in carrying out these experiments. 
The specimens were all collected and registered, the results of the 
testing noted, and the whole of the calculations worked out by myself, 
so that I alone am responsible for their accuracy. During the last 
six months, since leaving Messrs. Napier, in whose employment I was 
for nineteen years, I have been enabled to devote a much larger share 
of attention to the subject than I could formerly bestow on it, when I 
was engaged with other duties. 

Whilst stating my own conclusions, derived wholly from experiments 
personally instituted by me, I considered it desirable to adduce, at the 
same time, the opinions entertained by others. Wishing to do so as 
fairly as possible, I deemed it advisable to quote their own words 
rather than attempt to express their views myself, which might have 
exposed me to the charge of misconstruction. These quotations have 
been carefully extracted and the source duly acknowledged. Reference 
has also been made to all the previous experiments that I could find 
bearing on the present question. 

It has been my anxious endeavour, throughout the whole of this 
investigation, to pursue it with candour and impartiality, and to pre- 
sent to those interested in such matters a plain statement of the facts 
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elicited. I have striven to avoid drawing anything like unjustifiable 
inferences or deductions, and have confined myself strictly to such 
conclusions as I believe to be fully warranted by the experiments. 
The data on which these are based being all minutely stated, it 
will be in the power of every one to judge for himself of their 
correctness. 

To the President and Council of the Institution of Engineers in 
Scotland I have to express my thanks for their kindness in presenting 
me with the stereotyped portion of the Tables originally published in 
their Transactions, and now forming the first series of Tabulated 
Results in the following treatise. The second series of Tables is 
entirely new, and now published for the first time. 

David Kibkaldy. 



4 CORUNNA StBBET, 

Glasgow, 15th July, 1862, 



PEEPATORY NOTE TO THE SECOND EDITION. 



In printing a second thousand copies of this work, I embrace the 
opportunity it offers to express the satisfaction which I feel that my 
earnest endeavours to supply reliable data have been so fully appre- 
ciated by Civil, Mechanical, and Mining Engineers, Iron and Steel 
Makers, Merchants, and Shipowners throughout the country. In the 
List of Subscribers now appended will be found the names of many of 
the principal firms in the various departments of Iron Manufacture 
and Engineering, and of many individuals who hold the most promi- 
nent places among scientific and constructive Engineers. 

On 26th November last I submitted to the Institution of Engineers 
in Scotland a paper containing the various conclusions which I have 
deduced from my experiments, and exhibited an extensive series of 
the fractured and other specimens produced in course of my inves- 
tigations. These conclusions are embodied in this work, and a full 
report of the lengthened discussion that took place at that and the 
following meeting will be found in the Society's published Proceedings. 
The specimens were also exhibited to the Scottish Shipbuilders' 
Association on 1st December last, and in the Appendix (M) there is 
inserted a copy of a letter read at the meeting of the Association on 
5th January, and a report of the discussion that followed. 

I shall always cherish in grateful remembrance the many acts of 
personal kindness bestowed upon me, and the many encouraging 
letters received in connection with this work. 



David Kirkaldy. 



4 CoRUNNA Street, 
Glasgow, ISth June, 1863. 
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EXPERIMENTS 



WROUGHT-IRON AND STEEL. 



Pbeliminary Remarks. 

1. In response to the expressed wish of this Association,* that he 
should give some explanations relative to these experiments, and 
the conclusions arrived at, the writer proceeds to give a detailed 
account of the whol« process and results, that all may judge for 
themselves. Having frequently experienced disappointment when 
examining experiments on various interesting subjects, from many 
particulars necessary for their fair consideration being withheld, in- 
tentionally or otherwise, he resolved, should ever an opportunity occur, 
to avoid that error; and in now endeavouring to do so, he may by some 
be considered to have given more details than are required. He has 
anxiously endeavoured to arrange in a series of tables the mass of col- 
lected, and calculated data in as compact a form as seemed practicable, 
in order to facilitate comparison of the various results, and also with 
the view of enabling those who may choose to consult them to select 
the material best suited for their particular purpose. 

2. It seems remarkable that whilst we have the results of many 
important and reliable experiments on Cast-iron, extremely few 
have been made, or at least published, on Wrought-iron, and almost 
none on Steel. Although much has been said and written on the 
subject of wrought-iron and steel, yet, such is the great diveraity 
of opinions held and stated by different individuals, that it is hoped 
the results of these experiments, intended simply to elicit the truth, 
will be considered worthy of examination by those interested, and 
also at the same time prove of practical utility. Believing that 
the collection and methodical arrangement of carefully ascertained 
data is the best and only certain way of arriving at right conclusions, 

• See Preface. 
B 
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this opportunity was eagerly embraced of obtaining facts by direct 
experiment^ and that with as many varieties of each as could be 
obtained. 

3. Although the present inquiry has been confined to the effects 
produced firom Tension strains alone, the field is nevertheless an ex- 
tensive one, as will at once be apparent when we consider the many 
kinds of iron-ore used, the different methods of converting it — on the 
one hand into steel, and on the other into wrought-iron, and also 
the difference in the fuel employed. 

4. In these experiments, whilst ascertaining the exact amount of 
strain required to tear the pieces asunder, in order to know and 
compare their different tenacities or ultimate strengths, it was con- 
sidered of no less importance to observe and note many other par- 
ticulars, as likely to disclose their various peculiarities. It was 
necessary to test several pieces in each lot, to obtain an average, and 
these had all to be broken in precisely the same manner. 

5. With the view of still further developing any other properties, 
and also to find the effects produced, if any, by subjecting the speci- 
mens to various kinds of treatment, other pieces were taken from the 
same bars and plates as the previous set, and similarly broken, whilst 
in some the effects of altering the specimen's shape were also 
ascertained. 

6. Pieces were likewise taken and screwed, to ascertain how much 
the strength was reduced, or the ratio that a screwed bolt bore to the 
original bar; whilst other pieces were cut asunder and then welded, to 
find the relative strength of welded joints. 

7. The strain in all these cases was grcbduaUy increased until rupture 
took place; but with another set of specimens, also taken from the 
same bars, the strain was suddenly applied. 

8. Remarks, and the various conclusions come to, will be given 
Tinder the following sections, viz. : — 

I. Mode of collecting specimens. 
II. Description of testing apparatus. 
III. Preparation of specimens. 
rV. Classification of experiments. 
Y. Mode of conducting experiments. 
VI. Method of calculating and tabulating detailed results. 
VII. Tabulated summary of results. 
VIII. Breaking weight and contraction of area — Imn. 
IX. Do. do. do. do. . Steel. 

X. Appearance of fi'actures — Iron. 
XI. Do. do. Steel. 
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XII. Bate of elongation under increasing strains. 

XIII. Influence of various kinds of treatment. 

XIV. Effects of altering shape of specimen. 

XV. Comparative strength of screwed and chased bolts. 
XVI. Relative strength of welded joints. 
XVII. Suddenly applied strains. 
XVIII. Specific gravities. 
XIX. Concluding observations. 

I. Mode of Collecting Specimens. 

9. For the Government " Experiments on Cast-Iron for Cannon," 
the producers were invited to send in samples, but for the present 
inquiry it was considered decidedly preferable to take the specimens 
that were to be tested from bars and plates as produced for the 
•market, instead of applying to the various makers for samples, 

which might or might not be superior to those usually turned out 
It is therefore to be understood that all the specimens tested were 
indiscriminately collected from engineers' or merchants' stores, except 
those marked scmiples, which were obtained from the makers, owing 
to their not being found in stock at the time. In some instances, 
however, specimens of the same make were afterwards obtained 
from stores, and consequently both sets appear in the accompanying 
tablea 

10. An attempt was made to suppress the publication of the first 
portion of these experiments, under the plea that the pieces had not 
been procured directly for the purpose; but fortunately it was unsuc- 
cessful, and it is hardly necessaiy to mention that the threatened legctl 
proceedings have not yet commenced. 

11. The trial specimens were severally cut from four or more dif- 
ferent bars or plates, to obtain an average, whilst from each plate a 
piece was cut off lengthways, and another crossways, and corre- 
spondingly marked L and C. All the trial specimens were duly 
roistered, when, and from whom received, and were distinguished 
by numbers or marks. 

12. Nothing was taken as to the origin of which the least doubt 
existed ; and, with very few exceptions, the plates and bars bore the 
makers' brands. In many cases, the makers' names or brands were 
concealed from the experimenter, at his own request, until after the 
specimens were tested and the results communicated to the parties 
from whom they were obtained; such specimens being sent with 
private marks for subsequent identification. 
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13. Although the quality of the specimens^ in too many instances, 
was greatly inferior to that indicated by the brand, there are many 
others in the tables in which the two corresponded, and in a few the 
quality was superior. 



II. Description of Testing Appabatus. 

14. The apparatus employed was of the simplest construction, 
and proved during the experiments to work most satisfactorily. 
It is folly delineated in Plate I.; fig. 1, being a longitudinal 
sectional elevation of the entire arrangements; fig. 2, a corre- 
sponding end elevation j and figs. 3 to 6, representing details drawn 
on a larger scale. A large cast-iron base-plate. A, resting on wooden 
sleepers, 6, forms a rigid foundation for the two upright standards, 
c, which support the cross bar, d, passing through the eyebolt, 
e, of the large wrought-iron steelyard, p. Shackles, g, connect the 
steelyard's eyebolt, h, to the specimen, A;, to be tested; the lower 
end of the specimen being connected by the shackles, ^, to the 
adjusting screw, Z, which works in a nut fastened to the underside 
of the foundation plate, A. A platform, m, supports the men who 
apply the weights, N, by separate hooks to chains hanging from the 
end of the steelyard, F. An adjustable platform, o, receives the 
falling weights, whilst the block, p, sustains the steelyard, when it 
drops at the breaking of the specimen. A rope-sling, r, attached to 
the chain-hook of a derrick crane, is employed for elevating the steel- 
yard into the position indicated by dotted lines, at the commence- 
ment of each experiment ; the amount of elevation varying with the 
specimen to be tested. 

III. Preparation of Specimens. 

15. The necks of the. bolts were slightly tapered, as shown in 
^, 5, to insure the fracture taking place somewhere in the centi-al 
part or body of the bolt, instead of at the neck or shoulder; 
the heads of the iron bolts were formed by welding on rings, and 
those of the steel by staving down the solid bar. Several attempts 
were made to weld rings on the latter; but, in most instances, 
the rings failed at the trial, and consequently other specimens 
had to be substituted. Figs. 3 and 4 represent the forms of the 
plate specimens; the thinner plates tested having side pieces rivetted 
on, as shown in fig. 4, to give longer bearings to the steel pins, whilst 
the plates, ^g, 3, of a thickness of four-tenths and upwards did not 
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require any. Fig. 5 exhibits the form of the bar specimens with full 
details of their receiving shackles, three different sets being used to 
suit the various sizes tested. Fig. 6 refers to the sci-ew bolt-and-nnt 
experiments. Marks were made with a centre-punch for receiving 
the points of a large pair of compasses, and used for measuring the 
gradual elongation of the specimens, as the weights were applied to 
the steelyard, as shown in the various figures. In order to ascertain 
the length of the part stretched, a number of specimens had the 
distance between the punch marks divided into half-inch spaces 
previous to applying the weights as in Plate XIV. 

16. In order that the series might be strictly comparative, care was 
taken that, as far as was possible, all the specimens should be similarly 
prepared, or when otherwise, the difference stated On referring to the 
accompanying Tables, A and B, in the description column will be found 
the terms " rolled bara," signifying that the central portion, or part to 
be drawn asunder, had not been operated upon by the smith ; " forged," 
that they were reduced to the given size by the smith; and "planed," 
that the rolled bar had been reduced in the planing machine, to find 
if its relative strength was thereby affected; whilst other pieces are 
noted as " turned" down in the lathe for a similar purpose. 

17. Various sizes of bars were taken, to ascertain if the relative 
strength increased as the bars decreased in diameter; also square and 
round bars, to find if they corresponded per square inch of section. 



IV. Classification of Experiments. 

18. The results of these experiments are given in a series of 
twenty tables, distinguished by the letters A, B, &c., and sixteen 
illustrative plates, grouped and arranged as follows : — 

TABLES. 



Ban, 



(Steel, 



llron. 

Beam, Strap, A) 
Angle-Iron, ) 



Breaking Weight, 

Coiitrftotion of Area, 

Blongation, and 

CharaoteriaticB of 

Fracture. 

Detail. 8uminai7. 



o 



F 

a 



H 
J 



Rate or 
Elongation. 



li 



Bffiectior 
Difllsrenoe in the 



N,0 



Welded 
Jolnta 



Spedflc 
OraTities 



u 
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ILLUSTKATIVE PLATES. 

TertiBg ApparatUB, Ac.— I. 





Fractures for 

Tables 

A,B,0,D.n.N. 


Diagramafor 
Ta]E>les 


Diagrams for 
Table 


Fractures, Ac., for 

Tables 

B. 0. D. P. 1 Q. T. 


Beam, Strap A) 
Angle-Iron, j" 


n. 
n.,v. 

m. 

IV. 
IV., V. 


VI. 

vn., vm. 

VI. 
IZ. 

z. 




ZIV. 


zv. 


ZVI. 



1 9. The following list of specimens experimented upon doesnotinclude 
those used in the many preliminary trials made in order to ascertain 
the accuracy of the apparatus^ the most suitable method of conduct- 
ing the experiments, the size and form of specimens, mode of apply- 
ing the weights, &c. j neither does it include any of those specimens 
that could not with fairness be given, and which were subjected to fresh 
trials on account of casual defects in their preparation, <fec. Also in 
cases where there occurred a great dissimilarity in one of the pieces 
forming a lot, another piece from the same bar or plate was tested in 
confirmation, and of course only the result of one could equitably be 
given in the tables : — 



90 
310 

80 
329 

72 

44 
76 
20 
24 
14 
44 
180 
18 
2 
60 



93 
10 
30 
16 

10 



Iron bars, 

Steel plates, 

Iron plates, 

Angle-iron, &c., 

Steel bare, Treated varionsly, .... 
Iron bars, do. do., 
Iron plates, do. do., 
Steel plates, do. do., 

Steel plates, Rivetted joints, 

Iron bars, Shaped varioualj', 

Iron bars, Screwed, chased, 

Iron bars, Welded joints, 

Steel bars, do. do., 

Iron bars, Suddenly applied strains, 

Total, 1853 specimens tested by Maehine. 

Total, 165 specimens tested by Specific gravity. 

Total, 286 specimens tested by Unriatic add. 

Iron bars. Specific gravity, Table U index numbers, 1601 to 1693 

Angle-iron, do. do., „ U „ „ 1694 „ 1703 

Iron plates, do. da, „ U „ „ 1704 „ 1733 

Steel plates, do. do., „ U „ „ 1734 „ 1749 

Steel bars, do. do., „ U „ „ 1750 „ 1765 



A, index numbers. 


Ito 


= ,, 


flOl „ 
1701 „ 


,. 


301 „ 


» » 


^401 „ 
1861 „ 


"> .. 


601 „ 


» .. 


1001 „ 


N ,, 


1045 „ 


>. 


1121 „ 


,, 


1141 „ 


.. 


1165 „ 


I" ,. 


1201 „ 


<J „ 


1301 „ 


B „ 


1481 „ 


B „ 


1499 „ 




1601 „ 



90 

300 

810 

380 

600 

979 

672 

1044 

1120 

1140 

1164 

1178 

1244 

1480 

1498 

1600 

1660 



Do. 


Do., 


Do. 


Do., 


Do. 


Do., 


Do. 


Do., 


Rate of elongation, 


Do. 


Do., 
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Summary of results. Steel bars, Table F* reference numbers, 1 to 18 

Steel plates, „ h „ m 51 „ 72 

Iron bars, „ a „ „ 101 „ 180 

Iron plates, , i „ „ 201 „ 263 

Angle-iron, &c, .... „ k m m ^^1 „ 288 

Observed, „ l „ „ 301 „ 470 

, Reduced, „ n „ » 601 „ 590 

Summary of results. Screwed bolts, „ b i, „ 601 „ 628 

20. In these tables the strains are all stated in lbs., but Table V 
is added to facilitate their conversion into tons by those who may 
wish to effect it. 

V. Mode op Conducting Experiments. 

21. Each bolt, with the bearing part of its heads turned true in the 
lathe, was first carefully gauged, and the distance between the inside 
edges of the heads measured by an accurately-divided ivory scale, and 
the same duly recorded. The bolt was then fastened in the shackles 
and placed in position, the steelyard having been raised to the 
i-equired elevation by means of the crane. The connection having 
been completed by means of two steel pins, the crane chain and sling 
were lowered so as to clear the steelyard, and the attendants applied 
the weights in succession, beginning with weights of 56 lbs., and 
gradually reducing to weights of 28 lbs., 14 lbs., 7 lbs., 4 lbs., as the 
breaking point was approached. The descent of the steelyard was 
observed by sighting it with the brick-work of a neighbouring 
wall; additional weights were not applied until the motion caused 
by the preceding weights ceased to be apparent. 

22. In the hard, brittle, and coarser kinds of Iron little or no 
indication was given of the approaching rupture, by the gradual 
descent of the steelyard ; on the contiury, it dropped suddenly on the 
breaking of the specimen. This remark also applies to the hard classes 
of SteeL In such cases the lighter were repeatedly changed for 
heavier weights, until the limit of the specimen's tenacity was reached. 

VL Method of Calculating and Tabulating Detailed Eesults. 

23. The specimens are distinguished by index numbers placed in the 
first colupm of each Table, and to avoid confusion no index number is 
repeated. In "Table A— Steel Bars," and "Table B— Iron Bars," 
column 3 records for each experiment the total weight on the steel- 
yard at the time it dropped. This is multiplied by 28, leverage of 
steelyard, and there is added to the product the weight required to 
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counterbalance the steelyard, namely, 9,142 lbs., less 72 lbs. weight of 
the two upper shackles with their pins, or 9,070 lbs., the net weight. 
Thus, for example, when specimen No. 1, Table A, broke, there were 
on the steelyard eleven 56 lb., &ve 28 lb., and two 14 lb. weights, = 
784 lbs., making, with 38 lbs. weight of attaching hooks and chain, 
822 lbs., as stated in column 3; and 822 lbs. x 28 leverage of steelyard 
= 23,016 lbs., making, with 9,070 lbs. for steelyard, 32,086 lbs., which, 
being divided by the area of the specimen, '2207 (column 2), gave 
145,383 lbs. (column 4) as the breaking weight of that specimen per 
square inch of its original sectional area. 

24, The bars contracting more or less, according to the quality or 
peculiarities of the Steel and Iron tested, it was considered both 
interesting and important to present these results in a tabular form. 
Accordingly, columns 6 and 12 contain, respectively, the sizes result- 
ing from the general stretching of the bolts and that at the fractv/res; 
columns 7 and 13 give the corresponding areas, and columns 8 and 14 
the differences between these and the original areas. The mean dif- 
ferences of the various lots are given in columns 9 and 15; and in 
columns 10 and 16 the per centages of the same; whilst the results 
of dividing by the stretched and fractwredy instead of by the original 
areas, are given in columns 11 and 17. 

25, The total elongation of each specimen was found by noting the 
length (between the insides of the heads) previous to submitting it to 
the test, and deducting that from the length, again measured by 
placing the two broken pieces as close together as the nature of the 
fracture would admit (allowance being made for any intervening 
space). This difference is entered in column 18 of the Tables; 
original length in column 10; mean difference or elongation in inches 
in column 19; and per centage in column 21. 

26, Characteristics of the fracture are attempted to be given in 
columns 22, 23, and 24; column 24 referring to the accompanying 
illustrations. Plates II., Ill, IV., and V. The particular specimen 
selected for illustration, as the representative of its class, is dis- 
tingiiished in the Tables by a heavy letter, as A; the others grouped 
under that class having a lighter letter, as A. When two letters 
are used, it signifies that the specimen presents mixed features. 
Column 22 indicates whether the fracture is wholly fibrous or not; in 
Table A — Steel bars, "100" signifies that the fracture is entirely of 
a fine granular semi-lustrous appearance ; " 0," that it is wholly of a 
silky fibrous lustre; whilst in Table B, "0" indicates that the Iron is 
entirely fibrous, and, " 100," that it is wholly crystalline, of a bright 
shining lustre. Intermediate numbers indicate intermediate qualities, 
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but only approximately. The general colour of the Iron and nature 
of its fibre are given in column 23. 

27. The results are similarly recorded in Table C — Steel Plates; 
Table D— Iron Plates ; Table E— Beam, Strap, and Angle-Iron. They . 
contain, however, no reference to the stretched dimenaionsy owing to the 
circumstance that these were not so distinguishable &om the original 
and fractured sizes as was generally the case in the bar specimena 

VII. Tabulated Scjmmaby op Results. 

28. The principal results contained in the preceding Tables are 
given in a condensed form in Tables F, G, H, J, K. Breaking weight 
per square inch of original area, in columns 1, 2, 3 j per square inch of 
fractv/red area, column 6 ; Contraction of area at fracture, in per cent- 
age of original area, column 9 ; Elongation in per centage of original 
length, column 11; Characteristics of fracture, column 13. Columns 
1 and 2 contain respectively the lowest and highest, and columns 3 
to 13 the mean results. Columns a to m, contain figures denoting the 
relative positions of the various specimens under these separate heads. 
The various lots follow in the order of their ascertained quality, and 
the diversified results are linearly presented in Plates VI. to X. 

VIII. Breaejng Weight and Contraction of Area. — Ieon. 

29 Before proceeding with our remarks under this section, reference 
will be made to previous experiments on the tensile strength of 
wi*ought-iron, as referred to by various authors who have written on 
the Strength of Materials, &c. 

30. Professor Robison, in the EruyycUypaedia Briiannicay gives the 
results of Muschenbroeck's experiments on the breaking strength, per 
square inch, of various woods and metals, — "Iron bars, ordinary, 
68,000; Stirian, 7^,000; Best Swedish and Russian, 84,000; Horse- 
nails, 71,000. The last was an experiment to examine the vulgar 
notion that iron forged from old horse-nails was stronger than all 
others, and shows its falsity." The size of specimens was only ^th 
of a square inch, and the results were published, according to Tred- 
gold, in 1762. 

31. Mr. Appleton, in his Dictionary of Mechanics and Engineering 
refers to some other experiments by Muschenbroeck, — German bar, 
93,069, 85,900, 69,530, 69,133 61,361; Swedish, 88,972, 68,728; 
Liege, 82,839, 62,369; Spanish, 81,901; Oosement, 76,697, 68,728: 
Mean of 33 experiments on bars, by Perronnet, 6 1 ,04 1 . Bar of the best 
quality, 66,000; bar of good quality, 55,000, by Rumford. Swedish 
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bar, reduced per hammer, 72,064; and English bar, reduced per 
hammer, 55,872, as ascertained by Bennie. Mr. Appleton observes, — 
" The absolute cohesion of malleable iron may be taken for square bars 
of different sizes as under; the resistance per square inch being pro- 
portioned to the breaking weight of the respective sizes. In bars 
J inch square, resistance per square inch = 90,000 lbs.; \ inch, 70,000 ; 
1 inch and over, 56,000." 

32. The Engineer cmd MackinieCB Assistcmty on the authority of 
Lam6, states, English bai-s at 25^ tons; Enssian, 27 tons; Eussian 
wire, l-20th to l-30th inch diameter, 60 to 91 tons; Swedish bars, 
per Rondelet, at 32 tons. 

33. Mr. Tredgold remarks, — "The experiments on the absolute 
resistance of malleable iron to tension are very numerous; in many 
experiments it has been found above 80,000 lbs per square inch, and 
in very few under 50,000 lbs., indeed in none, where the iron is not 
defective." 

34. Professor Barlow in his Essay gives the following nine experi- 
ments by Telford in 1814, at Brunton's works, expressed in tons 
and cwts. :— Welsh bars, 29''16, 29"5, 29"0; Staffordshire, 31"16, 31"0, 
27"10, 27"3; Fagotted, 29"0; Swedish, 29"0; mean of the nine, 29"5|. 
Eight experiments by Captain S. Brown in 1817, — ^Welsh bar, 26*34, 
26-33, 24-90, 24-35; Russian, 2Q-55i Swedish, 23-77, 23-75, 23-19; 
mean, 24-90. Then follows eight experiments by himself, — Solly's 
patent iron, 2^\, 26^, 26^, 26^-, mean, 27 tons; iron of good medium 
quality, 2^y 25^, 25^, 24 ; mean, 25^ tons. Twenty-six experiments by 
Sir Mark I. Brunei on Yorkshire iron reduced by hammer to f and ^ 
inch,—" best best" quaUty, mean of 10— 32-3, varied from 36-4 to 29-6; 
"best" qualiiy, mean of 10— 30-4, varied from 34-6 to 25*0; another 
six of "best" quality, 30*8 from 32-75 to 27-0. Mr. Barlow remarks, 
— "The mean strength of these bars considerably exceeds that drawn 
from the preceding articles, a circumstance which may, it is presumed, 
be explained from the circumstance of their having been reduced per 
hammer." And lastly, ten experiments by Telford on iron wire give 
(Nos. 3 and 4, diameter ^) 42-9; (2, J), 42-0; (5 and 6, ^), 38-1; 
(10, ^), 36-1; (7, 8, 9, ^), 35-8; (1, ^), 357; mean, 38-4 tons per 
square incL Mr. Barlow adds, — "Considerable discrepance will be 
observed between the strength of the wire in experiments 3, 4, and 10, 
which are of the same diameter. Perhaps a mean strength of 36 tons 
of a wire of less than, or not exceeding y^th inch diameter, is all that 
can be depended upon." 

35. Dr. Fairbaim, in his Useful In/omuUion/or Engineers, and in his 
other writings, gives the results of his experiments, made in 1838, on 
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twenty pieces of plate; the strength appears by the following Table to 
be generally in favour of those torn asunder across the fibre^ the mean 
of ttie whole being stated " as 22*5 : 23*0, equal to about ^" 



Quality of FUte& 


Mean BreaklnK Weight 

in the direction of the 

fibre, in tons per square 

inch. 


Mean Breaking Weight 

across the fibre, in toos 

per square inch. 


Torkshiro plates, . 
Torkshire plates, . 
Derbyshire plates, . 
Shropshire plates, . 
Stafibrdshire plates, . 


26-770 
22-760 
21-680 
22-826 
19-663 


27-490 
26-037 
18-660 
22-000 
21-010 


Mean, . . . 


22-519 


23-037 



36. The same author, in his treatise on Iron, published 1861, makes 
no reference to the present series of experiments, although copies were 
sent to him of that portion which appeared December, 1859, in the 
Tra/naacHona of the Institution of Engineers in Scotland, but gives, in 
addition to the above table, the following tabulated " summary of the 
more recent experiments which I have made on the subject of the 
tensile strength of wrought-iron." It will be observed fipom this new 
table that the strength, with one exception, is in fevour of those torn 
in the direction of the fibre, and not across, as in the former table. 



Description of Iron. 



Mean Breaking Weight, 
in tons per aqoare inch. 



Ulttmate 
Elongation. 



Lowmoor iron (sp. grav. 7-6886), 
Lancashire boiler plates (9 specimens), . 
Staffordshire hron, .... 

(Two |-inch plates riveted together) . 
Charcoal bar iron, .... 
Best best Staffordshire charcoal plate (Mean 

of 4 experiments), . . . , 
Best best Staffordshire plates (Mean 

experiments), 

Best best Staffordshire plate, 

Best Stafibrdshire, 

Common Staffordshire, 

Lowmoor rivet iron (Mean of 2 experiments), 

Sta£fordshife rivet iron, 

Staffordshire rivet iron, 

Bar of the same rolled cold, 

Staffordshire bridge iron, 

Yorkshire bridge iron. 



of 4) 



With Fibre. 
28-661 
21-816 



Across Fibre. 
23-433 
20-096 



21-867 
28-402 

20096 

22-297 

26-706 
27-867 
22-688 
26-801 
26-663 
26-646 
87-966 
21-249 
22-290 



18-492 

20-746 

24-474 
24027 
23-682 



19-815 
19-616 



i 
^i^andA 

^M»dA 

AandA 
^and^ 

i 

A 
^and^ 



37. Mr. Thomas Lloyd performed a series of experiments at 
Woolwich Dockyard, recorded by Dr. Fairbaim, to ascertain the effects 
of a tensile strain upon bars all of the same kind and size, namely, 
Staffordshire S C M, If inch diameter, but under various condi- 
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tioDB. These will be again more particularly refen*ed to under 
"elongation/' Section XII. The medium breaking strains will, 
however, be given here. Effects of repeated breakage, — mean of Ist 
(10 triab), 23-94; 2d (10), 25-86; 3d (7), 27-06; 4th (6), 29-20. Dr. 
Eairbaim remarks, — "The results of the above experiments are 
highly interesting, as they not only confirm those previously made, 
but they indicate a progressive increase of strength, notwithstanding 
the reduced sectional area of the bars. These interesting facts are of 
considerable value, as they show that a severe tensile strain is not 
injurious to the bearing powers of wrought-iron, even when repeated 
to the extent of four times. In practice it may not be prudent to 
test bars and chains to their utmost limit of resistance; it is, however, 
satisfactory to know that in cases of emergency those limits may be 
approached, without incurring serious risk of injury to the ultimate 
strength of the material" In order to ascertain whether a shorter bar 
of iron was stronger than a longer one of the same kind and size, viz., 
l^ inch, the following were tested : — 6 pieces, 120 inches, broke with 
32-21 tons ; 6 pieces, 42 inches, 3212 ; 6, 36 inches, 32-35 ; 6, 24 
inches, 32*00; 6, 10 inches, 32*29. "As these experiments were 
made upon the same description of iron, it may be fairly inferred 
.that the length of a bar does not in any way affect its strength." 

38. Mr. Edwin Clark's magnificent work on the Britannia and 
Conway Tubular Bridges, contains the following table and remarks : — 



Na 




Breaking 
Weight per 
aquarelncb. 


Ultimate Ex- 
tension in 
parts of the 
Length. 


1 

2 
3 

4 
6 

6 

7 

8 

9 

10 

11 

12 


Plate ^th inch thick, neck IJ inch long.^ 
Selected as bad iron, fracture bright and f 
crystalline, brittle, broke readfly with a blow [ 
from a hammer, J 

From the same plate, 

Plato i inch, neck 6 inches. Selected as bad^ 
iron, containing two laminae of crystalline \ 
metal, one-third of the whole section, . J 

Plate i inch, neck 6 inches. Selected as a goodi 
plate, about ^th of the section crystalline, . K 

Plate 4 inch, neck 4 inches. Iron perfectly J 
uniform and fibrous, supported the weighty 
15 minutes, f 

Plate Htli Inch thick, neck 5 inches. Iron) 
good, ^th of the section crystalline, . . f 

Plate 4 inch, neck 6 inches. Iron fibrous except \ 
^th of the section, i* 

Plate A inch, neck 60 inches, .... 

Plate 1 inch, neck 50 inches, .... 

Plate j hich, neck 7 inches, .... 

Plate \ inch, neck 7 inches, .... 

Plate 1 inch, neck 50 inches, .... 


22 

21 

18 

19 

21 

19 

18 

19-6 
19-3 
19-6 
20-2 
18-7 


i 
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39. " From the mean of the above experiments the ultimate tensile 
strength of boiler-plate appears to be 19*6 tons; and it is worthy of 
remark that the ultimate strength is remarkably constant, although 
the iron comes from different makers from Staffordshire, Derbyshire, 
and Shropshire. The ultimate extension, on the contrary, is extremely 
irregular; indeed, some of the brittle, ciystalline irons, selected as 
bad, which fractured suddenly without much increase of length, 
actually supported more weight than the more fibrous and ductile iron. 

40. '' In all these cases the iron was drawn in the direction of the 
fibre. In order to test whether the strength is influenced from this cause, 
two plates were selected, and from each plate two specimens were 
cut out, of similar form to those used in the experiments above. One 
specimen in each pair was cut out in the direction of the fibre, and 
the other across the fibre; in other respects they were precisely 
similar in form and dimensions. The following were the results : — 

** Ultimate strength when drawn in the ) Tona. Tcma. 

direction of the fibre, . . ,\ Exper. 1, 19-66. Exper. 2, 20-2. 

Ultimate strength when broken across ) _ 

the fibre, ( ^^P^""' ^' ^^'^^' ^^V^- ^, 16 7. 

41. '^ The ultimate extension was also twice as great when the plate 
was broken in the direction of the fibre. 

42. "The ultimate strength of wrought-iron, derived from experi- 
ments on 1-inch bars, has been usually taken at 25 tons per square inch. 
This conclusion is evidently erroneous as regards boiler-plate ; indeed, 
this strength was not obtained from any iron used at the works. 

43. " The best scrap rivet-iron, made by Messrs. Mare at their London 
works, the quality of the iron being unusually good, and the fracture 
beautifully fibrous, broke on an average with 24 tons per square inch, 
or 18-84 tons per circular inch. The length of the round rods 
experimented upon was 60 inches, the diameter |ths of an inch, and 
the mean ultimate extension (which was uniform) was \\h of the 
lengtL The rods diminished very visibly in diameter before they 
were fractured, and drew into a conical neck at the point of failure." 

44. Dr. Fairbaim's works also contain the results of his experi- 
ments on the "Influence of Temperature," ranging from zero to a 
dull red heat, on 16 pieces of Staffordshire boiler-plate and 14 pieces 
of scrap rivet-iron. 

45. Mr. Clay, quoting experiments by the American Board of Ord- 
nance, states that Eussian iron broke with 62,644 lbs. ; English rolled 
iron, 6^fi^2] Lowmoor rolled, 56,103; American hammered, 53,913. 

46. Mr. D. K. Clark, in his Recent Practice (I860),— a continuation 
of his truly excellent work on Railway Machinery, refers to five experi- 
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ments on Staffordshire plates by Mr. Brunei, which averaged 20*6; 
Staffordshire plates recently tested at Woolwich Dockyard, at 20 tons. 
" The best American boiler-plate for locomotives is stated by Mr. Zerah 
Colbum to have a tensile strength of 70,000 lbs., or above 31 tons per 
square inch of section ; and that of the ordinary plate for locomotives 
is said to be 60,000 lbs., or 27 tons per square inch. . . . Upon 
the whole, English boiler-plates are of two classes — Yorkshire, and 
the manufacture of other districts, classed together as ' Staffordshire.' 
The ultimate tensile strength of boiler-plates for locomotives average 
as follows: — Best Yorkshire per square inch, 25 tons; best Stafford- 
shire, 20; best American, 31; ordinary American, 27 tons. "When 
we say 'best,' we mean best; that is to say, good in the superlative 
degree; not employing the phraseology of the manufacturers, who 
would call a superlatively good plate, ' best best best.' " Mr. Clark, 
referring to the publication of the first portion of the present series, 
says, — " The results, of which the following summary is an abstract, 
are both interesting and important ; they represent the subject in a 
novel point of view, and form a record of the most recent attainments of 
the manufacturers of steel and iron in producing materials qualified to 
bear the strain and fatigue incidental to modem works of construction." 

47. " Mr. S. Hughes, in an interesting paper " On Beams, Girders, 
Aa," published in The Artizan, February, 1858, remarks, — "There is 
probably no branch of experimental inquiry in which more varying and 
discordant results have been attained than in that which seeks to 
determine the absolute strength of wrought-iron subjected to a tensile 
strain, or to the action of a weight applied to tear it asunder. 

■ 48 " Writers on the strength of materials in the last century seldom 
assigned to bar iron a less tensile strength than 30 tons per square 
inch as the weight which would tear asunder a bar of ordinary 
wrought-iron 1 inch square. Thus, Emerson gives the tensile 
strength of bar iron at 34 tons; Telford, 29-29; Drewry, 27 tons; 
while at the^ present day Templeton gives 25 tons; Beardmore, 26*8; 
Brown, 25 tons; and Eaton Hodgkinson, probably from more careful 
experiments than any other, 23*817. 

49. "The iron manufacture of this country has attained an 
enormous development, which, unfortunately, has not been accom- 
panied by a corresponding increase of quality. On the contrary, all 
the earlier experimenters on iron found a greater strength than is 
now possessed even by the best qualities. It is foreign to the purpose 
of this article to trace the causes of this falling off and deterioration 
of a national manufacture; otherwise it would be very easy to show a 
case of serious national importance, which is perhaps more worthy of 
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the attention of our legislators than those to which their labours are 
commonly applied. Whatever be the causes — whether the spirit of 
speculation, the race of competition between the great iron manufac- 
turers to produce their iron at the cheapest rate, or the introduction 
of new and cunning chemical secrets to enable them to work up 
inferior iron — cei-tain it is that our manufacture of wrought-iron has 
been seriously deteriorating during the last half-century, and unless 
some improvement shortly takes place, we shall, before long, acquire a 
reputation for manufacturing only inferior iron." 

50. These various extracts contain all the previous existing ex- 
periments the writer has met with in reference to this matter,* and he 
thinks that it cannot for a moment be denied that the subject, from 
its importance, was wqrthy of a more extended experimental inquiry 
than it had hitherto received. All must admit the truth of Mr. 
Hughes' remark regarding those varying and discordant results ; but 
the writer does not think that there is any satisfactory evidence in the 
experiments adduced, to show that the iron now produced is inferior 
to that made during the last century. The difference, it is believed, 
was rather due to the experiments having been performed by so 
many, whilst the pieces tested by each were so few — to the different 
kinds of apparatus employed — ^to the results having been more care- 
fully recorded by some than by others — to the extreme meagreness of 
the details, and to the complete want, with a few exceptions, of the 
makers' names or brands — which rendered futile any attempt at com- 
parison. The various means employed of tearing the pieces asunder 
were — applying weights directly to the specimens, — single lever and 
weights, — compound lever and weights, — compound lever and weights 
combined with an hydraulic press, — ^hydraulic press alone, with either 
a loaded valve or a gauge to indicate the amount of pressure. In 
reference to the last machine. Dr. Rankine writes, "From experiments 
made by Messrs. More of Glasgow and by the author, it appeal's that 
in experiments on the tension and compression of bars, about one- 
tenth should be deducted from the pressure in the hydraulic press for 
the friction of the press plunger." 

51. In all former experiments the ultimate strength or breaking 
weight per square inch of the specimen's original area alone is given, 
and the various pieces are rated accordingly, the one that stands highest 
being considered the best. 

• Since the first edition of this work was published, the writer's attention has been 
du*ected to the results of some interesting experiments by Robert Mallet, Esq., C.E., 
contained in the Proceedings of the Institution ofCivU Engineers for 1859. 
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52. It seems most remarkable that an element of the highest 
importance should have been so long overlooked, namely, the Contrac- 
tion of the specimen's area when subjected to considerable strain, and 
the still greater contraction, at the point of rupture, which takes place 
in a greater or lesser degree as the material is soft or hard, and the 
consequent influence this reduction must have on the amount of weight 
sustained by the specimen before breaking. The apparent mystery 
of a very inferior description of iron suspending, under a steady 
load, fully a third more than dk, very superior kind, vanishes at once 
when we find that the former had the benefit of retaining to the last 
its original area only slightly decreased ; whilst the latter on breaking 
was reduced to very nearly a fourth of its original area — the one a 
hard and brittle iron, liable to snap suddenly under a jerk or blow, 
the other very soft and tough, impossible to break otherwise than by 
tearing slowly asunder. When engaged calculating and compiling the 
tables, this was considered not only an interesting circumstance, but 
one which required to be distinctly set forth in any statement made 
on the subject. Both the original and fractured areas are conse- 
quently stated in the tables, with the amount of reduction in the lat- 
ter, and the per centage which that reduction bears to the whole of the 
original area. In the illustrative plates the original size is indicated 
by dotted lines, and the reduced size at fracture by full lines. A few 
examples will now be given by way of illustration, and in support of 
these rwnarks, firsUy^ from " Table B — Iron Bars," and secondly, 
from " Table D— Iron Plates." 

IROISr BARS. 



Swedish R.F. (Charcoal), 
Staffordshire (£) do. 
Yorkshire, " Lowmoor,** 
Staffordshire B.B. Scrap, 

Do. S. C. « 
Scotch Extra Best Best, 

Do. Best Best, 

Do. Common, 

Do. Common, 

• Russian, C.C.^D.,... 



Index 
Nomber. 



270 
133 
105 
138 
148 
169 
185 
203 
201 
277 



Original 
Area. 



Fractured 
Area. 



Sq. In. 

•6650 
•7854 
•7854 
•7854 
•6220 
•8171 
•8012 
•8498 
•8498 
•7088 



8q. In. 

•1963 
•3019 
•3632 
•8739 
•3318 
•4779 
•5441 
•6082 
•7238 
•6263 



DifBurenee between 

Origtnsl and 
Fraotured Area. 



Sq. In. 

•4687 
•4835 
•4222 
•4115 
•2902 
•8392 
•2571 
•2416 
•1260 
•0726 



Per Gent. 
70-5 
61^6 
53-7 
52^4 
46-6 
41^5 
321 
28-4 
14-8 
10-2 



Breaking Weight 
per Square Inch of 



Original Fractured 
Area. Area. 



Lbs. 
47,534 

58,036 
65,166 
59,570 
61,263 
59,726 
66,363 
59,272 
60,722 
66,447 



160,520 

150,984 

140,920 

126,130 

114,846 

102,118 

97,721 

82,818 

71,293 

63,883 



• NoTB.— This Iron, although possessing only a low degree of tenacity, from its extreme hardness and 
ancertainty, is very suitable for being conTerted into Steel, the parpose for which it Is used. 
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25 



Yorkshire, f 

Do J. 

Staffordshire, a S.O. |* 

Do. Bradley, J 

Scotch Best Boiler,... % 

Staffordshu^ Best Best i 

Scotch Ship, j 

Do. Common, ^ 

Yorkshire, r 

Do. ! 

Staffordshire » S.G,... |» 

Do. Bradley, t 

Scotch Best Boner,.... I 

Staffordshire Best Best p 

Scotch Ship, T 

Do. Common, ...... ^ 



439 
401 
453 
471 
505 
479 
518 
542 

442 

406 
456 
474 
512 
487 
525 
646 



origiiua 

Ana. 



Fnetored 
Araa. 



8q.1ii. 
1125 

0-624 
09.60 
0-995 
0-750 
1-015 
0-955 
0-748 

1125 

0-624 
0-960 
1-019 
0-750 
1-005 
1-064 
0-748 



Sq.In. 

•714 
-477 
•764 
-851 
•655 
•922 
•911 
•706 

•897 
-522 
•863 
-937 
•702 
•950 
1-037 
0-787 



DlfflMPTOw ImIwmu 

Original and 

Fraetnnd Aran. 



Sq.In. 
•411 
-142 
•206 
-154 
•095 
•098 
•044 
•042 

•228 
•102 
-097 
•082 
•048 
•055 
-027 
-Oil 



PtorOent. 

36-6 

23-5 

21-5 

15-7 

12-7 

91 

4-6 

56 

20-3 
16^3 
101 
8-0 
6-4 
5-4 
2-5 
1-5 



WtUkt 
IwSof 



p«r8qaar« 



Original F^aetored 
Ina. * — 



58,686 
57,881 
58,534 
60,697 
55,176 
48,853 
47,730 
48,831 

56,546 
56,368 
65.414 
51,025 
48,000 
46,943 
44,366 
42,783 



Lbs. 
92,468 
75,720 
74,528 
70,908 
63,180 
68,781 
50,036 
46,439 

70,919 
66,188 
61,643 
56,490 
51,291 
49,653 
45,521 
43,460 



53, Although it is very important to ascertain and compare the break- 
ing strains of various kinds of iron, it must at the same time be evident 
from these examj)les that that test alone does not afford the means of 
con-ectly estimating their respective merits, yet, strange to say, it has 
hitherto been so considered. One instance out of many may here be 
referred to, which occurred at the official inquiry by the Board of Trade 
into the melancholy loss of the " Royal Charter." Five of the plates 
recovered from the wreck were tested, and pronounced to be good 
solely because their mean breaking strain was 20^55 tons (46,032 lbs.) 
per square inch, instead of 19*56 tons (43,814 lbs.), Mr. Fairbaim's 
average for Staffordshire plates. As the writer had no means of 
judging, he expresses no opinion on that particular case, but he does 
not consider that statement any proof whatever that the quality was 
good, or suitable for the purpose, as the plates might, at the same time, 
be so extremely hard and brittle as not to bend and twist, but snap at 
once without a moment's warning. 

54. "When, however, we compare the breaking strain jointly with the 
contraction of the area at fracture, the case is vastly different, as we 
then have an opportunity of deciding correctly whether, on the one 
hand, a high breaking strain was owing to the iron being of superior 
quality, dense, fine, and moderately soft, or simply because it was very 
hard and unyielding; on the other hand, a low breaking strain might 
be due to looseness in the texture, or to extreme softness, although 
very close and fine in quality. On consulting the tables it will be 
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found that in the hard and inferior varieties the amount of breaking 
strain varied considerably more than in the softer and superior 
kinda The uncertainty of the former is strikingly exemplified in 
St. RoUox best rivet (No. 243, Table B), which bore 68,848 lbs., the 
highest strain, whilst another in the same lot broke with 47,248 lbs., 
nearly the lowest. This low strain was not due to contraction 
of area, for it only decreased 5 '5 per cent, — very different from 
another specimen (No. 257), TJlverston best rivet, which broke at 
nearly the same strain, viz., 48,870, but which contracted 55'5 per 
cent In the summary of results. Tables G, J, and K, the various 
lots follow each other as nearly as may be in the order of their 
ascertained quality. On referring to Table d the first on the list 
under " rolled bars " is Bradley's ® — breaking weight, 57,216 lbs.; 
and opposite this, in column c, is 27, which signifies that twenty- 
six of the other lots precede it as regards the amount sustained before 
breaking: it, however, contracted 60 '9 per cent., whereas Gpvan -Jf, 
or common (No. 130), bore almost the highest strain, viz., 63,956, 
but which only contracted 27*7, standing, in that respect, the thirtieth 
in the scale. The first on the Hst in Table J — Iron Plates, and also 
in Table K— Angle-iron, is Famley, which, at the same time, resisted 
most and contracted most. 

65, As it is important to distinguish between rolled iron and 
hammered iron, the succeeding remarks will be arranged under these 
heads respectively. 

Boiled Iron, 

56, For sake of comparison there are introduced into Table B 
the results of the testing of some pieces of puddled-iron rolled — or 
wi'ought-iron in its lowest grade — the breaking strain of which varied 
extremely from 55,323 to 20,521, contraction from 4-3 to 00. 

57. In order to ascertain if the quality of the iron improved as 
the diameter of the bar became less, various sizes, within the limits of 
the testing apparatus, were taken, and we will now see the results fix)m 
Table B. The difference was found to be greater in the inferior than 
in the superior makes; thus Govan ■^(.(lowest), 1^ inch, broke with 58^326 
lbs., contracted 25-3, rose in the | inch bars to 61,887 — 351 ; Govan <?> 
(highest), 1;J: inch, 57,598 — 49*8, only rose in | inch bars to 58,199 — 
50-1 ; Glasgow B. Best (medium), 1^ inch, 54,579—35-8 ; | inch, 59,300 
—40-4; Dimdyvan, 1^ inch, 51,327— 51; 1 inch, 53,352—8-5; Low- 
moor, 1 iiiph, 61,798—53-1; ijinch, 60,075-52-2. Of course these 
results were from different bars. It was considered, however, desirable 
to know the effects strictly due to additional rolling, and accordingly 
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four pieces were cut off one bar, and after reheating were reduced in 
the rolling-mill from 1^ to 1^, 1^ |^ ^ inch, the breaking strains of 
which were 56,869, 57,379, 58,190, 59,708. The contraction of area 
varied onlyslightly, viz., 49-78, 49-19, 49-98, 49-29 per cent, see Table N. 

58. The generally received opinion, that by removing the " skin" the 
relative strength was greatly reduced, or that a rough bar was much 
stronger than one twrned to the same diameter, is proved to be 
erroneous by the following examples from Tables B and G. Dundy- 
van, rough, broke with 51,327, turned 55,995; Bagnall m J.R, 
55,000, turned 55,381; Glasgow B. Best, 54,579—55,533; Govan o, 
57,598—57,288; Bowling, 62,404—61,477. In the last instance the 
rough bars bore rather more than the turned, but the difference is 
accounted for by the former being harder than the latter, as shown by 
the contraction of their respective areas, viz., 45-3 and 48*8; it will 
also be observed that they were from different, instead of from the 
same bai-s, as in the subsequent trials with the other brands. These 
experiments show further that the exterior portion is somewhat harder 
than the interior, as the turned pieces contracted more than the 
rough; they also draw out more in the direction of the length, as 
will be noticed under " elongation," and still further confirmation is 
afforded by the difference in appearance of the fructures. 

59. Let us now see if reducing the bars hj forging affects the 
comparative strength, &c. Dundyvan, 51,327, forged, 54,247; Glas- 
gow B. Best, 54,579—56,112; Govan o, 57,598—57,095; Lowmoor, 
61,798 — 66,392. The iron was generally rendered somewhat harder 
by the forging, as indicated by their areas contracting less than for- 
merly; thus (in the same order) 51— 10-8; 35-8— 31 1; 49-8—49-2; 
53-1 — 42*3. The difference in the last set was greater, owing to the 
bolts not having been re-heated after foiging, as was the case in after 
trials, in order to remove any effects that might be due to " hammer 
hardening," as will be more particularly mentioned under "treatment," 
Section XIII. 

60. We next proceed to compare the contents of these summary 
Tables as regards the breaking sti-ain and contraction of area, 
respectively, of Bars, Angle-iron, and Plates; and in order to do so 
conveniently, they are presented in a more condensed form in the 
following Table. Still further to facilitate comparison, the contents 
are arranged in three separate groups, viz., Xat, The various qualities 
of iron manu&ctured in the same district. 2d, The qualities produced 
in different districts. 3c?. The gross mean averages under the five 
qualities as branded. Of course, the "turned" and "forged" speci- 
mens are excluded from this Table. 
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DISTRICT. 


brand qualitt. 


BABB 
ROUND AND SQUARK 




DISTBICT8 OBOUPJSD. 


No. 


lbs. 


fcent 


a 


Yorkshire. 


LowMOOB, Farnlet, Bowlimo. 


20 


61,648 


49-8 




d 

e 


Lanarkshire. 
Do. 
Do. 
Do. 


O GOVAN O 

Extra B. Best, Best Scrap. 

Best Best, B. Best, B. Rivet. 

Best, * 


12 

30 
61 
24 


58,181 
67,411 
68,737 
68,266 


49-4 
39-9 
360 
22-6 


f 

f 
i 


Staffordshire 
Do. 
Do. 
Do. 


Charcoal ® 

B. B. Scrap. 

IV SC, IV Best, Best Best. 

IV, Best, KB IL 


4 

4 

21 

4 


67,216 
69,370 
68,698 
66,000 


60-9 
62-0 
39-6 
27 


i 

1 

m 
n 


Lancashire. 
Shropshire. 

Durham. 

Durham. 
South Wales. 


Best Rivet 
m Best. 
Best Best 


8 

*•• 


63,776 


48-6 
. .... 








BSAHD8 OBOUPSD. 













Staffordshire 


Charcoal® 


4 


67,216 


60-9 


P 

r 

8 


Staffordshire 
Yorkshire. 

Lanarkshire. 
Lancashire. 


B. B. Scrap. 

LowxooB, Fabnlxt, BowLnro. 

O Govan o 

Best Rivet 


4 
20 
12 

8 


69,370 
61,648 
68,181 
63,776 


620 
49-8 
49-4 
48-6 


t 


Lanarkshire. 


Extra B. Best, Best Scrap. 


30 


67,411 


39-9 


XL 

V 

w 

X 


Staffordshire 
Shropshire. 

Durham. 
Lanarkshire. 


IVS C fl» Best,BestBest 
m Best 
Best Best 
Best Best, Best Rivet 


21 
... 

... 
61 


68,698 


39-6 
360 




68,737 


J 

z 

t 
t 


Staffordshire 
Lanarkshire. 

Durham. 
South Wales. 


tt,Best,KBH. 


4 
24 
•*• 
••• 


66,000 
68,266 


27-0 
22-6 


••••••••« 


BmOEASY. 1 










Charcoal (P 


4 


67,216 


60-9 




LowMOOR, B. B. Scrap, o o. 


44 


68,244 


60-0 


Total 
MeanAyerages, 


Extra B. Best. 
Best Best. 


30 
82* 


67,411 
68,282 


39-9 
38-6 




[ Best. 


28 


66,633 


24-8 










188 
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ANaiiX-IBON 
BEAM AND STRAP. 


FIiA 
LENGTHWAT& 


TICB 

CB08SWAT& 


No. 

4 

'e 

24 

d 

12 
9 

••• 

••• 

6 

• 4 

4 


lbs. 
61,260 

56,094 
54,930 
45,439 


fcent. 
41-4 

20-1 

16-8 

9-2 

• •••• 
18-2 
17-7 

18-3 

11-7 

9-8 


No. 

21 
6 

4 
38 
18 

••• 

••• 

30 

8 

••• 

5 

37 

••• 


lbs. 

54,980 

54,644 
50,844 
49,077 
46,438 


fcent. 

20-9 

181 

13-0 

8-2 

6-9 

12-9 
9-4 

••••• 
150 
12-9 

• •••• 


No. 

24 

6 

34 
18 

••• 

29 
8 

**5 

38 

••• 
••• 


lbs. 
50,640 
49,399 

43,359 
41,527 


fcent. 

12-8 

8-5 
••••• 
4*4 
37 

. •••• 

Ti 

6-6 

'53 

7-4 




••• ••• ••• 

52,168 
45,686 

•••••• ••• 

52,362 
51,308 




54,558 
51,227 


48,840 
44,748 


53V548 
50,807 
41,386 


43,036 
46,381 










••• 

4 
••• 

••• 

6 

12 

••• 

6 

24 

9 
3 
4 

4 




41-4 
••••• 
••••• 

201 

18-2 

18 3 
16-8 

177 
9-2 

117 
9-8 


21 
6 

• •• 

4 

30 

6 

37 

38 

8 
18 

••• 




••••• 

• •••• 
20-9 
18-1 

13-0 

12-9 
15-0 
12-9 

8-2 

9-4 
6-9 
••••• 
••••• 


••• 

24 

6 
••• 

29 

5 

38 

84 

8 
18 
••• 
••• 




12-8 
8-5 

••••• 

7-8 
5-3 
7-4 
4-4 

6-6 
37 




••••••••• 

54,980 
54,644 
••••••••• 

60,844 

52,168 
52,362 
51,308 
49,077 

45,686 
46,438 


sbVsio 

49,399 


61,260 




56,094 
54,558 

53,548 
54,930 

51,227 
45,439 
50,807 
41,386 




48,840 
43,036 
46,381 
43,359 

44,748 
41,527 










••• 

4 

6 

42 

20 




41-4 
201 
17-8 
121 


27 

4 

110 

26 




19-5 

130 

12-3 

8-1 


••• 
80 

104 
26 




••••• 
107 

6-2 
61 


61,260 
66,094 
54,345 
47,215 


54,812 
50,844 
51,229 
46,062 


49,970 


45,404 
43,138 


72 


167 




160 
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61. A glance at thb Table will show that the mean breaking strain in 
these collected lots varies in the Bar specimens from 61^648 to 53,775, 
difference 7,873, or 12-8 per cent less. Angle-iron, 61,260 to 41,386, 
difference 19,874, or 32-4 per cent. Plates, lengthways, 54,980 to 
45,686, difference 9,944, or 17*0 per cent. ; crossways, 50,540 to 41,527, 
difference 9,013, or 17*2 per cent. The breaking strain of the plates 
was highest in those cut lengthways, or in the direction in which 
they were rolled, as was to be expected — ^the greatest difference, 
9,326, or 21*7 per cent.; least difference, 0,938, or 2*1 per cent., the 
mean difference on the whole being 4,530, or 9*8 per cent, in favour 
of those cut lengthways. The amount of mean contraction varies in 
the Bar specimens from 60*9 to 22-6; Angle-iron 41*4 to 9*2; Plates, 
lengthways, 20-9 to 6*9; crossways, 12-8 to 3-7. 

Hammered Iron, 

62. The preceding remarks under this section refer to rolled, and we 
now turn our attention to hammered iron, firstly, in large forged masses, 
and secondly, in bars. Table B contains specimens cut out of two 
diffei-ent crank-shafts of scrap-iron of the same size, for marine screw 
engines of 300 nominal horse-power, the exact position of the pieces 
being represented in the wood-cuts inserted in the Table. The differ- 
ence in the breaking strain between the outside piece and that 
nearest the centre was in the one shaft 3,221 lbs., or 6-5 per cent ; in 
the other 1,141, or 2-6 per cent Mean breaking strain and contrac- 
tion of the six pieces cut out lengthways was 47,582 — 20*7 in the one, 
43,759 — 23-1 in the other; cut crossways, 44,578 — 12*5 in the one, 
38,487 — 8*5 in the other; difference in fiivour of those cut length- 
ways was in the two shafts respectively 3,004 and 5,272 lbs., or 6*7 
and 13*7 per cent The table also contains pieces cut crossways off 
one end of two armour-plates for H. M. "Black Prince," the mean 
breaking strains of which were 38,868 and 36,824, contraction 12*8 
and 5*9 per cent All these pieces were reduced to the required shape 
in the lathe, and not on the anvil, but some pieces were forged down, 
to ascertain the difference; these will be referred to in Section XIII. 

63. Mr. Clay, of the Mersey Iron and Steel Works, the highest 
authority on the subject of forging large masses, states, — "Scrap-iron 
is that most generally used; but, fiir from agreeing with the generally 
received opinion that it is the best, we know that it is the very worst 
description of iron for the purpose; and, for more reasons than one — 
Let us first endeavour to see how this almost universal belief in the 
superiority of scrap-iron has arisen. At the time when small forgings 
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were first attempted to be made as an article of commerce, the manu- 
facture of English iron was in such an imperfect state, and the quality 
so indifferent, that large quantities of the best iron had to be imported 
from Sweden and Russia, and for a long time the scrap-iron loas of a 
quality that could not be approached by English iron of the period. 
Since that time the use of Eussian and Swedish iron has been almost 
entirely discontinued, except for the manufacture of steel; the greater 
part of the scrap-iron now produced, therefore, is of a very different 
quality to that formerly known as best scrap-iron. 

64. " In the ordinary manufacture of bar-iron, it is the practice in 
most works, in order to obtain it of the toughest and best description, 
to work and re- work it several times over. The number of workings 
that iron undergoes is marked by the number of * best* stamps that it 
bears, as ^ best,' ' best best,' ' treble best,' <fec. But this progressive 
improvement has its limits, as will be perceived from a series of ex- 
periments which were instituted by the writer with the object of 
testing the correctness and limits of this improvement. Taking a 
quantity of ordinaiy fibrous puddle-iron, and reserving samples marked 
No. 1, we pUeda, portion 5 feet high, heated and rolled the remainder 
into two bars marked No. 2. Again reserving two samples from the 
centres of these bars, the remainder were piled as before, and so con- 
tinued until a portion of the iron had undergone twelve workings. 
The following table shows the tensile strain which each number bore : 
— Na 1, puddled bar, 43,904 lbs. ; No. 2, re-heated, 52,864; 3, 59,585; 
4, 59,585; 5, 57,344; 6, 61,824; 7, 59,585; 8, 57,344; 9, 57,344; 10, 
54,104; 11, 51,968; 12, 43,904. It will thus be seen that the quaUty 
of the iron regularly increased up to No. 6 (the slight difference of 
No. 5 may perhaps be attributed to the sample being slightly defec- 
tive), and that from No. 6 the descent was in a similar ratio to the 
previous increase." 

65. The results of some experiments on pieces cut out of the '' mon- 
ster gun," the dimensions of which were, — ^length, 15 feet 10 inches; 
diameter at base, 44, and at muzzle, 27 inches, are also given by Mr. 
Clay, and compared with the original iron of which it was formed : 
" The breaking strain in lbs. per square inch was,— original iron, 'com- 
monly called common iron,' 48,384, 50,624; mean, 49,504. From 
muzzle of gun, with the grain, 48,384, 50,624, 52,864; mean, 50,462: 
across the grain, 41,644, 43,904, 50,624; mean, 43,390. Borings 
from gnn worked over with coal, 60,584, 62,824; mean, 61,704. 
Boring from gun worked over with charcoal, 76,584. Swedish iron, 
as imported, | square, 60,584. 

66. " We have given these details to illustrate and enforce the pre- 
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ference given to puddled-iron over scrap-iron ; but there is another very 
important reason why scrap-iron should not be used for the manufac- 
ture of forgings — scrap-iron is composed of many various qualities of 
iron, and all of them have their own special welding points. When 
worked together, one portion that is less refined is too much heated, 
and consequently deteriorated, before the more highly refined portions 
are at a welding heat, and we are thus placed in the awkward dilemma 
of either burning the one or of being unable to weld the other." 

67. The writer begs respectfully to call attention to the important 
difference between the " scrap-iron" used at the forge in the formation 
of large masses, and that designated "best scrap" or "best best 
scrap" by the iron master, as he believes that the difference of opinion 
regarding scrap-iron is due in a great measure to the want of this 
distinction. The former is made up of old miscellaneous pieces, col- 
lected from every quarter, the latter composed of new iron, made in 
the same works, cut up and worked over again; consequently, the 
heterogeneous character of the one is totally imlike the homogeneous- 
ness of the other. It will be observed that Mr. Clay, in the preceding 
extracts, makes no mention of this distinction. Neither is the writer 
aware that any other person has done so. Table B contains specimens 
of both kinds, 288-295 and 783-796 cut out of crank-shaffcs of ham- 
mered "scrap-iron," whilst 137-140 were rolled "best best scrap." 
The mixed composition of the former is most beautifully illustrated by 
the singularly varied appearances presented by the fractures, more 
especially of specimens 793-796, as will be pointed out under that 
head in Section X. 

68. As Mr. Clay, in his experiments on the effect of repeated 
workings, given above (64), found that the strength increased up to 
the fifth, and then correspondingly decreased, the writer regrets that 
the contraction of area at fracture had not also been ascertained and 
stated, as perhaps the decrease might have been owing to the iron 
becoming softer during the process. 

69. Specimens 280-283 are bolts of old miscellaneous " scrap-iron," 
284-287 are corresponding ones of " busheled iron," or new miscel- 
laneous turnings; both sets were worked up under the hammer at 
the forge. Specimens 1117, 1118, Table N, are samples of Govan 
hammered bar-iron, which proved to be of extremely fine quality; 
1119, 1120, were of the same square bars, but turned. These are 
additional proofs to those already mentioned (58), that removing 
the " skin" has no prejudicial effect 

70. Examples of some brands of Foreign flat tilted bars are given in 
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Table B, 264-278, and 803-810. These are shown to vary very con- 
siderably; in some instances the bad workmanship detracted from 
the fineness of the material. 



IX. Breaking Weight and Contraction op Area — Steel. 

71. The following meagre and discordant statements as to the 
tensile strength of Steel, given in different works, prove that there 
was ample scope for further experiments to elicit some definite 
information, rendered all the more necessary on account of its recent 
intix>duction and extending applicatiofi as a substitute for wrought- 
iron: — 

72. Cast-steel, 142,122; 134,256; 130,000; 128,000; 88,657. 
Blister-steel, 133,152. Shear-steel, 124,400. Krupp's steel, 129,000 ; 
117,707. Uchatius', 90,000. Merseypuddled-steel, 173,817; 160,832; 
112,000; 94,752. 

73. In paragraph 64 were given Mr. Clay's experiments to 
ascertain the effects of subjecting wrought-iron to repeated workings; 
he made a similar series on puddled-steel, and obtained, No. 1, 
puddled-steel bar, 96,911; No. 2, piled, 121,408; 3, 111,608; 4, 
121,408; 5, 111,608; 6, 111,608; 7, 91,136; 8, 91,136; 9, 91,136; 
10, 91,136. Mem.— "The weight increased 20 cwt. at a time.'* 
Begret was expressed (68) that the fractured area had not been 
also ascertained and stated, as perhaps the decrease in the strain 
sustained might be entirely due to the iron becoming softer. This 
conjecture appears to be confinned, for Mr. Clay writes, in reference 
to the last, — " The appearance of the fracture of the sample bars, 
when broken by the hammer in the usual manner, presents to the eye 
a very slight difierence, the colour and size of crystals being to all 
appearance much the same in No. 2 as in No. 10; but when torn 
asunder by a machine for the purpose, a very marked difference is 
observable, the higher numbers having a very fibrous silky fracture; 
and yet the characteristics of steel ai-e perfectly preserved, for No. 10 
hardens, takes the usual colours, in fact possesses all the distinguish- 
ing properties of steel." Further notice will be taken in Sections 
XL and XIIL 

74. In Section YIII. attention was called to the absolute necessity 
of stating the breaking weight jointly with contraction of area, as 

' without the latter no correct opinion could be formed of the relative 
merits of different kinds of wrought-iron, or their suitability for 
different purposes. These remarks are certainly no less applicable to 
steel, as will be found by turning to Table A — Bars; thus Turton's 
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cast-flteel for tools only contracted 4'7 per cent, with a strain of 
132^909 lbs., whereas Homogeneous rivet-metal contracted 36*6 with 
90,647; Mersey puddled-steel, 35-3 with 71,486; Blochaim puddled- 
steel, 190 with ^5,255. Again in Table C— Plates, Moss & Gambles' 
cast-steel contracted 33-4 with 72,338 lbs.; Turton & Sons' cast- 
steel, 9-5 with 95,299 ; Mersey Co. puddled-steel, " hard " and « mild," 
respectively, 4-6 with 93,979, and 10-5 with 72,366. 

75. The Summary Tables F and H contain the principal results of 
the other two, and are linearly represented in Plate VL ; but the 
specimens follow each other somewhat differently, b^pnning with the 
most highly converted and ending with the least; the former 
furthest, the latter least removed from that of wrought-iron. Of 
course it must not for a single moment be supposed that the writer 
considers one '' the best" because placed first in these Tables; he has 
always considered that only the best which best answers its par- 
ticular purpose. This remark would have been considered unnecessary 
but for the following statements. 

76. The Mimng Jownud, 17th December, 1859, in noticing the 
publication of the former portion of these tables, remarked, though cer- 
tainly quite inadvertently, — '^Erom the tabulated statements refer- 
ring to steel bars, it appears that the order of superiority runs thus, — 
Turton k Sons' cast-steel," Ac. A letter appeared in the next 
issue, signed W. T. — " As your record of the experiments for testing 
the strength of cast-steel is calculated to convey a most erroneous 
impression as to the vahie of steel, permit me to state that it by no 
means follows that the steel which will bear the greatest tensile 
strain is the most valuable. Indeed, the choice of steel should 
always be made with due regard to the purpose to which it is to be 
applied. A first-rate steel for some purposes, and one which would 
stand mote tensile strain than any other, provided that strain were 
gradually applied, might be altogether useless if employed for axles, 
or for any purpose where it would be subjected to vibration, as it 
would, under such circumstances, literally shake to pieces. I notice 
by your statement that you consider Bessemer^s steel superior to Hoop 
L. ; Howell's homogeneous metal better than Jowitt's spring steel ; but 
I cannot say that I agree with you, although I do not dispute your 
correctness; for I consider the comparison much the same as stating 
that Irish linen is superior to flannel, or that pens are superior to 
paper, in which cases the difficulty of deciding the relative value 
would scarcely be more apparent to the general reader than the 
adaption of the tensile strength of metal as the sole standard for 
ascertaining the value of every description of iron and steel, no 
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matter for what purpose it was manufactured, is to the makers aud 
consumers of ferruginous metals.'* 

77. The same writer again stated, 7th January, 1861,r— ''It is almost 
impossible to say what steel is best unless we know what it is to be 
used for; but with such knowledge the consumer may avail himself 
of the tables to much advantaga Who would think of using Turton's 
tool steel, or Jowitt's spring steel, in the manufacture of, say, cranks 
for a steam-engine? They would find it rather a costly experiment. 
And, on the other hand, who would purchase Krupp's bolt steel, or 
£essemer*s tool steel, for making watch-springs? !No one. Let con- 
sumers study the tables, and profit by i^em; but let them at the 
same time be careful how they draw their compari8on& ... In 
fact, all that I could write would be but an enlargement of my state- 
ment, that the choice must depend entirely upon the intended 

. application; and if the consumer does not know what properties 
the steel best suited to his purpose should possess, no tables can be 
compiled, or experiments recorded, which can assist him." 

78. In the same issue appeared the following letter from the 
writer: — " It was only to-day that I read the letter of * W. T.* in 
the Journal of Dec. 24. I beg to refer him and your readers to The 
Artizom of this month, which contains in full detail the tables and 
accompanying illustrations of the frsu^ures. I can only be held 
responsible for the accuracy of these tajbles, &c, which I prepared, 
and not for any of the short notices of the experiments which may 
have appeared since their first publication in the Trcmgaetions of the 

^ Institution of Engineers in Scotland. 1 shall be glad to see ' W. T.'s* 
further r^oiarks in the Jouamal after he has carefully examined the 
tables, &c; having endeavoured to develop impartially the various 
peculiarities of the specimens tested, in order to ascertain their 
relative fitnesd for various purposes." 

X. Appearance of Fracture— Ikon. 

79. Wrought-iron is considered to present two distinct kinds 
of firacture, which are variously designated, on the one hand, 
"fibrous," "tough," "red short;" and on the other, "crystalline," 
"granular," "cold short." Some say, "bright crystallized matter like 
steel;" others, "crystalline like cast>iron;" and others again, "granu- 
lar like cast-iron." The "presence of sulphur" in the iron is stated 
by some to produce "red shortness," and phosphorus, "cold short- 
ness;" another says, "From the forge and the rolling-mill we derive 
two distinct qualities of iron, known as 'red short' and 'cold short' " 
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80. "The texture of oommei-cial iron," remarks Mr. TomliusoD, 
" varies according to its mode of preparation. Pure iron, which has been 
drawn out under the hammer in all directions, has a finely granular 
structure, but when rolled into long bars, as usually sent into the market, 
the texture is fibrous in the direction of the length. The fibres may 
be made evident by the fracture of a bar under tension, or by acting 
upon it with dilute muriatic acid. Upon the perfection of this fibre 
much of the strength and value of iron depends; although by skilful 
management this silky character may be imparted to common varieties 
of the metal. The fibrous character is not, however, necessarily per- 
manent, for after a time the metal has been found to assume a crys- 
talline appearance, especially when subjected to constant vibrations, as 
in the tension rods of suspension bridges, the axles of locomotives, and 
of railway waggons," <fec., and in a note refers to Mr. Hood's paper. 

81. Mr. Tomlinson further says, — " Two common defects of bar-iron 
are known as red short and cold short, • . . A very small amount of 
phosphorus will make bar-iron brittle, so small a proportion as 0*5 per 
cent, having been found to make it cold short. Sulphur has been 
assigned as the cause of the red short property of wrought-iron j the 
presence of only 0*0001 of sulphur renders the iron very difficult to 
work at a welding heat. A cold short iron is generally produced 
from a lean ore, in which case it has been found desirable to mix with 
it the rich red hepatic ore of Lancashire and Cumberland, which, if 
smelted alone, would produce red short iron. In this way two 
opposite defects are made to correct each other^ and iron of average 
strength is produced." 

83. Dr. Eairbaim observes, —"From the foige and the rolling-mill we 
derive two distinct qualities of iron, known as * red short ' and * cold 
short,* The former is the most ductile, and is a tough, fibrous material, 
which exhibits considerable strength when cold; the latter is more 
brittle, and has a highly crystalline fiucture, almost like cast-iron; but 
the fact is probably not generally known -that the brittle works as well, 
and is as ductile under the hammer as the other, when at a high temper- 
ature. Mr. Charles Hood, in a paper read some time ago before the 
Institute of Civil Engineers, went into the subject of the change in the 
internal structure of iron independently of, and subsequently to, the 
processes of its manufacture. After adducing several instances of tough, 
fibrous malleable iron becoming crystalline and brittle during their em- 
ployment;, he attributes these changes to the influence of percussion, 
heat, and magnetism, but questions whether either will produce the 
effect ^?er se, . . The crystallization of perfectly fibrous and ductile 
wrought-iron has Jong been a subject of dispute; and although we 
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agree with most of Mr. Hood's views, we are not altogether prepared 
to admit that the causes assigned are the only ones concerned in pro- 
ducing the change, or that more than one is necessa/ry. On the occa* 
sion of the accident on the Yersailles Kailway, some years since, the 
whole array of science and practice were brought to bear upon the 
elucidation of the cause. Undoubtedly the broken axle presented a 
crystalline fracture, but it has never been ascertained how far heat 
and magnetism were in operation, as in the case of an axle, and more 
especially a ciunk axle, the constant vibration caused by irregularities 
in the way, and the weight of the engine, appear to be quite sufficient 
to occasion the breakage without aid from the other forces. . . . 
A French writer of eminence, Arago, appears to<x>nsider the ciyBtalli- 
zation of wrought-iron to be due to the joint action of time and 
vibration ; but we think, with Mr. Hood, that time and its duration 
depends entirely upon the intensity of the disturbing forces, and, 
moreover, that the time of fracture is retarded or accelerated in a given 
ratio to the intensity with which these forces are applied." 

83. In the " Institution of Civil Engineers " and in the " Institution 
of Mechanical Engineers" papers were read in connection with the frac- 
ture of railway axles, which led to most deeply interesting discussions 
for many meetings in succession, and in which persons of the highest 
eminence took an active part, and opinions the most conflicting were 
expressed by those apparently equally well qualified to judge. The fol- 
lowing extracts are selected from The Artiza/rCe report (voL viiL,' 1850) 
of the proceedings of the last-named society on the subjects of papers 
on " Eailway Axles and their Deterioration," by Mr. J. K M'Connell, 
and on the " Form of Kailway Axles," by Mr. T. Thomeycroffc. 

84. Mr. M'Connell stated, " The question of deterioration of axles, 
arising from the various causes which I have enumerated, is a very 
important one to all railway companies; that some change in the 
nature of the iron does take place is a well-established fact, and the 
investigation of this is most deserving of careful attention. ... 
. . Mr. M'Connell further remarked that he had one specimen of 
an axle which he thought furnished nearly incohtestible evidence of 
the truth of his position, that a change took place in the texture of 
the iron. One portion of this axle was clearly fibrous iron, but the 
other end broke off as short as glass. The axle was taken and ham- 
mered under a steam hammer, then heated again and allowed to cool, 
after which they had to cut it nearly half through and to hammer it a 
Jong time before they could break it. • 

85. '< The President (the late Kobert Stephenson, Esq.) said, that 
Mr. M^Connell had expressed a strong opinion that a change took 
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place from a fibrous structure in iron to a crystalline one during the 
time of its being in use; and it would be satis&ctory if an instance 
could bq pointed out where this change had occurred^ owing to vibra- 
tion or any other treatment, for he had not been able to satisfy himself 
fix>m many experiments that any such molecular change took place. 
Hammering a piece of hot iron till it is cold produced a hardness 
called crystalline j but the question for consideration was, supposing 
an iron axle were annealed by heating to a dull red heat and being 
allowed to cool slowly, would the ' texture' of that iron undergo any 
alteration afterwards 6om the vibration of the railway or any piece of 
machinery they were in the habit of employing? He had not been 
able to detect an instance of the kind ; and in giving evidence before 
the Iron Girder Bridge Commission he mentioned cases of vibration 
going on from year to year without any sensible change occurring in 
wrought or cast-iron. For instance, they had the Cornish engine 
beam with a strain of 50 lbs. per inch, working eight or ten strokes 
per minute for more than twenty years; and certainly if a molecular 
change was introduced by vibration it ou^t to be by that continual 
concussion and vibration, but none was perceived. Again, the con- 
necting rod of a locomotive was a piece of iron in a most perplexing 
situation, for one having more to do and having the strain changed 
more frequently it was difficult to conceive; and yet he had known 
the connecting rod of a locomotive engine to vibrate eight times in a 
second for several years' regular work, making more than 200 million 
times altogether, but the iron retained' its fibrous structure; and he 
thought axles could not be subject to so much vibration. "When, 
therefore, he found that a connecting rod did not change its molecular 
texture, he must say there were good gi-ounds for doubting that iron 
changes its state in axles. .... He was only dearous to put the 
members on their guard against being satisfied with less than incontes- 
tible evidence as to a molecular change in iron, for the subject was one 
of serious importance, and the breaking of an axle had on one occasion 
rendered it questionable whether or not the engineer and superinten- 
dent would have had a verdict of man-slaughter returned against them. 
The investigation hence required the greatest caution; and in the pre- 
sent case there was not evidence to show that the axle was fibrous 
beforehand, but crystalline when it broke. He therefore wished the 
members of the Institution, conncK^ted as they were with the manufac- 
ture of iron, to pause before they arrived at the conclusion that iron is a 
fubstance liable to crystallize, or to a molecular change from vibration. 
86. " Mr. Cowper did not believe that any axle which, when broken, 
proved to be crystalline had ever been fibrous in its cbaracter. 
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87. " Mr. Henry Smith observed that throwing cold water upon 
hot journals did gi*eat injury by crystallizing that portion of the axle. 

SS, ** Mr. Slate did not think that any change from a fibrous to a 
crystalline texture was produced in iron unless it were strained beyond 
the limit of its elasticity. Some of the pump rods in Staffordshire, 
which had been in use for eighteen or twenty years, were subject to a 
strain of 3^ tons per square inch ; and a short time ago he had occasion 
to ascertain their actual performance with reference to this very ques- 
tion, and this not being considered conclusive, he had made a machine 
in which he put an inch square bar, subjected to a constant strain of 
5 toDSj and an additional varying strain of 2^ tons, alternately raised 
and lowered by an eccentric eighty or ninety times per minute ; and 
this motion was continued for so long a time that he considered it 
equal to the effect of ninety years' railway working, but no change 
whatever was perceptible; and, therefore, he was one of those who 
did not believe in a change from a fibroas to a crystalline structure 
in iron. 

89. " Mr. M'Connell having been requested at the last meeting to 
furnish further proof of the change from the fibrous to the ^crystalline 
character produced in railway axles, and feeling convinced that a strict 
and careful examination of this important subject is a necesdt^ in this 
age of railway practice, the inquiry has been resumed in the hope that 
the further information and experience gained may tend to a more 
perfect knowledge of the subject. 

90. " Before stating the results of the different experiments which 
have been made with the view of ascertaining the cause and extent of 
the change from the fibrous to the crystalline appearance in railway 
axle iron, it must be observed that in this, as in some other matters 
of controversy, it is most difficult to produce full and conclusive proof 
that the iron which is produced of a crystalline character wa& once 
fibrous, as we cannot by any experiment show the change visibly 
taking place; but surely it is fair and reasonable to admit the fad of 
a change, when we find railway axles when new, from the pai*ticular 
mode of manufacture, present through every part of their substance 
a tough, strong, fibrous appearance; yet, after several years' use, we 
find axles of the same description, owing to the various deteriorating 
causes in action, break short at the back of the wheel, and then 
present an appearance totally different frt>m the original structure of 
the iron as described above. 

91. "Mr. Hodge said, so important was the question which presented 
itself with reference to changes in the structure of iron, that it had 
occupied the attention of the American Institute for two sessions, and 
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he thought that this Institution should not allow the subject to pass 
without a long and careful consideration^ because it was necessary to 
have regard to the various circumstances under which the iron was 
manufactured, and the particular character of the iron itself. 

92. " Mr. M'Connell considered that a change was produced from a 
fibrous to a crystalline structure by the eflFects of the concussion or 
jarring that the axles are subjected to whilst running on the railway; 
and it appears to be generally considered that such change takes place 
to a greater or less extent according to the circumstances, both in rail- 
way axles and in many other cases where iron is exposed to concussion 
or jarring, though there may be a difference of opinion as to the cause 
of the change. Another striking instance of the conversion of tough 
wrought-iron into a brittle material is shown in the chain slings used 
for carrying the bars during the process of hammering at a forge. 
The writer lately had an opportunity of observing a chain which had 
been in use for this purpose, and had become so extremely brittle that 
it was more like glass in its texture than the tough strong iron which 
it had been when first made; and he was satisfied that it had only been 
subjected to this extreme jarring action for a few months, and had 
not been otherwise employed. And further, it may be mentioned as 
a circumstance of common occurrence, that the porter-bars that are 
attached to the blooms whilst under the forge hammer became so 
brittle with the constant violent jarring to which they are subjected, 
that they break in two after a very moderate amount of work. In 
these instances there appears to have been no cause but the jarring or 
concussion to produce the change, as the iron was subjected to little 
strain in proportion to its strength ; and the same may be observed of 
several of the instances mentioned before, in one of which the wrought- 
iron arms of a fly-wheel were jarred loose in the cast-iron rim, and 
broke off quite short, from the rapid and continued violent shocks 
caused by the cam striking the helve, although the ii-on was of the 
toughest description originally. 

93. " The President observed that at the first discussion on this 
subject he took the liberty of drawing the attention of the members 
to the extreme care that was necessary in coming to any conclusion as 
to a molecular change in the constitution of wrought-iron. He 
thought that although there were a number of facts and statements on 
record which appeared to render it extremely probable that some 
change did take place in iron, yet that it only amounted to a change 
in the particles in their relation to each other, which might in the 
end produce a brittleness, or impart a crystalline character. These 
proofs were now multiplied in number, but he thought were not much 
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increased in pointedness, if he excepted the experiment with the 
chain^ which was the most striking and mai'ked instance of which he 
had yet heard. Hence they must conceive that a change takes place 
in iron if subject to vibration; but an investigation into the precise 
cause of the change would require more time and care than could at 
present be devoted to it He might remark that since their last 
meeting he had turned his attention to ascertain, if possible, whether 
any real difference exists in the molecular arrangement of the material 
or structure of a piece of iron called crystalline, and a piece of iron 
called fibrous; and for this purpose he had examined them under a 
powerful microscope, and it would, probably, surpi'ise the members to 
know that no real difference could be perceived, and that if he had 
not previously seen with the naked eye the specimens called fibrous 
and crystalline, he should not have been able to distinguish the one 
from the other in the microscope. The best specimen he could sciect 
of the kind called fibrous exhibited to the naked eye a laminal arrange- 
ment of dark and light lines, but the light lines composing the 
apparent fibre were, in point of fact, as crystalline as the other kind of 
iron, and, therefore, however fibrous it might appear, it was essentially 
a crystalline mass. Even in a piece of iron with large facets, which 
appeared extremely crystalline, when one of the crystals was exam- 
ined it gave much the same appearance under the microscope as a 
fibrous surface gives to the naked eye; in fexjt, it would appear to con- 
sist of bundles of fibres broken through at certain angles, just as slate 
was observed in the quarries to break in particular rhomboidal forms 
Now, in the instance of slate, there was nothing fibrous or crystalline, 
but owing to the peculiar arrangement of the particles it exhibited on 
a large scale something resembling the appearances to be observed in 
Iron — ^like fibres being broken through in particular planes. 

94. ^^ It appeared to him that the fracture taking place in an axle 
at particular points might be illustrated by reference to a string being 
thrown into vibration. There were certain points of the string, called 
nodes, where no motion took place, because the action on the one side 
neutralizes the action on the other, and the particles at the nodes have 
double duty to perform, being pulled in opposite directions at the same 
time : hence what might be called the nodes in the axle had great 
action upon them, and this might induce a crystalline appearance, 
although it might not cause much change in the structure of the iron. 
It appeared to him a matter of extreme difficulty to conceive a change 
going on in the structure of iron, .because it would involve a change 
from one kind of crystalline structure to another, which was next to 
an impossibility. He could imagine that a number of particles under 



42 EocperimerUs on Wrought- Iron and Steel. 

the influence of vibration might in time jostle each other into parti- 
cular forms^ and become fibrous; yet, when they examined most 
fibrous iron they would find it already crystalline, which involved the 
necessity of the molecules leaving one form of crystal and taking 
another. It would be well for the members to communicate to the 
Institution any well-authenticated facts of crystallization of iron, 
because nothing could have so important a bearing on the structure of 
railway axles as the means of tracing fractures to their real cause. 
Perhaps at their next meeting he might have the pleasure of ex- 
hibiting to the members certain microscopic results, but as yet he 
had not given the subject sufficient consideration to justify him in 
doing so. 

95. " Mr. Adams thought that the appearance called crystalline was 
caused by nothing more or less than a bundle of fibres, consisting of 
many small crystals being sheared ofi" square, forming one face. 

96. " Mr. H. Smith inquired whether the Chairman thought there 
was any difference of strength produced. If they took the case of the 
common gag to the helve, or the prop that was placed under it, they 
found it became crystalline in the course of time^ and very brittle, 
though quite fibrous at first. So also in the case of the chains on 
inclined planes, they broke very soon. He should like to know 
whether ciystallized iron was not weaker than fibrous. 

97. " Mr. M'Connell thought it was so. Whenever iron was sub- 
jected to a jar, the fracture was square across, and it seemed as if the 
whole structure of the iron .became brittle like glass. 

98. " Mr. T. Thomeycrofb said, a mass of evidence might be adduced 
to prove that the internal stnicture of iron undergoes no change, 
unless there be a change of form ; and that simple jarring or vibra- 
tion will not destroy the fibre of iron, whereas bending, if long con- 
tinued, will change the most fibrous iron into crystalline; therefore 
the author would fully subscribe to the opinion of one of the railway 
commissioners, who has stated, * that it was of impoi-tance to avoid 
deflection on railway axles, as deflection was almost as fisital as frac- 
ture in causing accidents. 

99. In The Useful Metals and their Alloys occurs the following pas- 
sage under " Steel Manufacture :" — " The conversion of wrought-iron 
into a substance resembling cast-iron in many of its characters, by 
subjecting its particles for some time to a state of vibration, without 
any chemical change in its composition taking place, seems to indicate 
that the different properties of these three materials may depend on 
other circumstances besides the proportion the carbon bears to 
the iron." 
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100. In The Engineer, 26th December, 1856, in a letter on "Crystal- 
lization of Iron," Mr. Thomas Harrison, of the Trany Iron Works, 
writes, — "I see a letter from one of your correspondents, asking Mr. 
Forsyth, or any other of your readers, the reason why the fibre in iron 
of boilers becomes crystallized after a few years* use. The reason is 
obvious. We must first understand that all bodies are composed of 
atoms of a spherical form, held together by that force known as the 
attiuction of cohesion. Then, in the manufacture of this body (iron) — 
it being in a semi-fluid state while subject to great mechanical pressure 
— ^the particles are brought within the sphere of this force, and assume 
the fibrous state, provided all the foreign matter has been driven off, 
such as sulphur, carbon, <S^ ; but if these bodies have not been driven 
off in the manufacture, then it is crystallized iron from the first With 
this premise we cannot be at a loss to know the reason why the plate . 
becomes crystallized after being in use a short time. Now, trace the 
process from the fibrous to the crystalline state. The subtle agent, 
caloric, penetrates into every interstice of the iron, deranging the 
molecular arrangement of the body, at the same time bringing it 
into a fit state for the absorption of the sulphur, carbon, <fec ; which 
the iron greedily takes up, until it is dosed into the state called 
crystallized iron. If we take iron that has become crystallized by this 
means, and bring it to a semi-fluid state, and subject it to great 
pressure, it will again assume a fibrous state, because the sulphur, 
carbon, <fec, that it has imbibed is again driven off." 

101. In The Mecftomic^a Magaainey 3d May, 1861, under article 
"Expansion of Metals and Alloys," by Professor F. C. Calvert and 
others, the following occurs: — "In course of these experiments we 
have met with facts which we believe will prove highly interesting : 

Iron CrystaUized by Vibration, 

90^ to 10°— 69, l8t 66*5, 2cL 66*6, 8d. 66*5, 4th. 66-8 mean. Co-efficient of ExpansioDi 

0-00119. 

Mean of 100% minus 20 63-5 mean. Co-efficient, crystallized 

by vibration, 00108. 

We have been led to devote particular attention to these facts on 
account of the great use which is made of these metals in naval and 
other constructions." 

102. Th^ Mechamc'a Magazine, 17th May, 1861, in a letter on "Crys- 
tallization of Iron," signed John Marshall, contains this paragraph : — 
"The theory that I maintain in regard to the crystallization of iron, 
in the case of railway axles and parts of machinery similarly circum- 
stanced, is, that the rotation and friction of the axle in the axle-box. 
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accompanied by a moderate amount of heat, excites the latent mag- 
netism of the molecules of the iron, whilst, at the same time, the 
vibration not only disintegrates and destroys the cohesion of the 
molecules composing the fibres, but assists in the excitation of the 
latent magnetism. As the molecules of the fibres become disinte- 
grated, the molecules of greatest hardness, and consequently of greatest 
latent or visible magnetism, form nuclei, around which the softer 
molecules collect, forming crystals of various sizes, the hardest and 
most magnetic molecules forming the nuclei of the largest crystals; 
and further, as there is between the north and south pole of every 
magnet a neutral point, where there is no magnetic attraction, so the 
line of fracture would follow the neutral point between the crystals, 
varying from a straight line, or the line of direction of the breaking 
strain, to follow the weakest points of the magnetic cohesion of the 
crystals." 

103. The Jov/mcd of the FrcmMm InatiMUe, in some remarks on the 
structural condition of iron, contains the following statement: — 
"With regard to the important and much discussed question of the 
alteration of malleable iron when exposed to continuous vibration, 
concussion, or torsion, in consequence of which it requires a granular 
fracture, Fuchs admits that such an alteration takes place even in 
the best worked metal, but does not altogether agree with the explan- 
ation usually offered for it, viz., the gradual assumption of a crystal- 
line texture; and is of opinion that it consists in the passage of the 
iron from a fibrous crystalline state to a granular crystalline state — a 
change in the aggregation, not an essential metamorphosia" 

104. The Engmeer, in several exceedingly interesting leaders, directs 
attention to the necessity of obtaining farther facts bearing on this 
important and much controverted subject. The following extracts are 
selected from articles. On the"Manufecture of Locomotive Crank- 
axles," 10th June, 1859 : — "Whether the question of the crystallization 
of wrought-iron under repeated concussions be ever settled, nothing is 
more common than to find, in the case of cranks which have broken after 
severe service, that the grain is in coarse crystals, often resembling zina 
In view of the possibility of the existence of this condition at the time 
the crank leaves the forge, it might be advisable to give it a low red 
heat, and leave it to cool slowly afterwards, — a process of annealing 
which has been found to be a complete corrective of the evils resulting 
from over-hammering common railway axles when nearly cold. . 
There is some difference of opinion as to the relative strength of axlesi 
made respectively from new and scrap-iron. Bad work may be done 
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in either material, and with each the extremes of original quality are 
very wide. Good tough scrap-iron, carefully assorted so as to be as 
nearly as possible of uniform quality, will doubtless make an excellent 
forging, and^ with care, even a sound, strong crank-axle.*' 

105. On the *^ Effects of Percussion and Frost upon Iron," 18th June, 
1861. — "Up to the present moment it has been very generally supposed, 
even by metallurgical authorities, that when wrought or malleable iron, 
even of a good fibrous quality, is acted upon by long-continued per- 
cussion^ or by the tremulous motion to which it is subjected in railway 
work, it necessarily loses its fibrous nature, and acquires a crystalline 
character. During the present week this opinion has been strongly 
stated in an important article which the Times has quoted from Ari^s 
Birmingham Gazette, The writer not only asserted this view himself^ 
but also stated that any person of competent metallurgical knowledge 
can show that ' the crystallization of railway iron is no fault of the 
maker.' He further states that ^wrought, or malleable-iron (of which 
aU railway tyres and axles are made) [?], when it leaves the maker's 
hands, is fibrous in structure, highly ductile, and might be actually 
tied into a knot.' This is too general a statement to be strictly true 
under any circumstances : it virtually implies, when taken with the 
writer's context, that wrought-iron is never manufactured for railway 
purposes in a wholly, or even a partially, crystallized condition. 
Good fibrous iron may be weakened both by percussion and by frost, 
and the action of these causes may change fibrous metal into crys- 
talline ; but to say that wrought-iron of a crystalline nature is never 
issued by manufacturers for railway purposes, is to contradict the 
experience of many engineers. The writer already quoted also urges 
the necessity of annealing railway iron — ^that is, exposing it to a red 
heat and allowing it to cool slowly — in order to restore its fibrous 
character, after crystallization has been induced by percussion or frost. 
He states that by this treatment ' the ductility of the metal will be 
restored, the crystalliae structure removed, and the liability to sudden 
fracture in periods of low temperature greatly diminished.' He does 
not state in as many words that the strength of the iron, or that its 
tensile power of resistance, is restored; but this opinion is commonly 
held, and there is nothing in the writer's remarks expressing dissent 
from it. 

106. " We need hardly say that this is one of the most important 
subjects that the engineers of the present day are called upon to 
investigate. The lives of many persons, and the property of many 
more, wiQ be saved if the truth of the matter be discovered— -lost, if 
it be not. For these reasons we cheerfully bring to the prominent 
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notice of our readers the new views concerning the action of per- 
cussion and cold upon wrought-iron, which were put forth in a report 
on the condition of the Niagara railway suspension bridge, by Mr. 
EoebHng, a distinguished civil engineer of the United States. The 
views of this gentleman are as follows: — The force which holds 
together the molecules of iron is termed cohesion. Heat will expand 
iron, and when applied intensely and continuously will melt it, and 
will thus destroy all cohesion, and at the same time all elasticity, and 
all magnetic tension. It follows, then, that heat of a certain degree is 
opposed to cohesion and elasticity. And this explains why large 
masses of wrought-iron, when being forged, and thus subjected for a 
considerable length of time to an annealing process, will, in the 
centre, become greatly reduced in cohesion and elasticity. The pre- 
viously existing fibre in the faggots will change into a coarse crystal- 
line texture, because the iron being in a pasty and nearly molten state, 
and the mechanical effect of hammering being confined to the surface, 
and not penetrating to the centre, the formation of large crystals will 
be left undisturbed. Broken car axles sometimes appear to have 
undergone a similar change. The fitct is that they generally exhibit 
a crystalline fracture. But Mr. Roebling suspects that many new 
axles, although manufactured out of fibrous rough bar, will, when 
finished and broken before they are used, also exhibit a crystalline 
fracture. In his own practice he has, he states, witnessed the fact 
that an experienced manufacturer, anxious to satisfy him, did not 
succeed in manufacturing round bolt of four to five inches in diameter 
out of good fibrous rough bar without producing a crystalline texture 
in the centre. The oftener he piled the iron the worse was the result. 
On the other hand, Mr. Roebling contends that he never heard of a 
failure when the bolt was forged entire under the hammer out of 
good, well-worked, and thoroughly hammered charcoal blooms with 
their rough ends cut off. Further, the most fibrous bar-iron may be 
broken so as to present a granular and somewhat crystalline fracture, 
and this without undergoing any molecular change in the texture. 
* Take a fibrous bar, say ten feet long, but the longer the better : nip 
it in the centre all round with a cold chisel, then poise the bar upon 
the short edge of a large anvil and a short piece of iron placed eight 
or nine inches from the ^dge on the face of the anvil ; then strike a 
few heavy blows upon the nip, so that each blow will cause the bar to 
rebound and to vibrate intensely, and the result will be a granular 
and somewhat crystalline fracture. Now take up the two halves, 
and nip them again all around, about one or two inches off the 
fractured ends, break them off by easy blows over the round edge of 
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the anvil, and the fibre will appear again. This experiment proves 
that a break, caused by sudden jars and intense vibration, may show 
a granular and even crystalline fracture without having changed the 
molecular arrangement of the iron. All fibres are composed of 
mineral ciystals, drawn out and elongated or flattened; and the 
fracture may be produced so as to exhibit in the same bar, and 
within the same inch of bar, either more fibre or more crystal But 
a coarse crystalline bar will, under no circumstances, exhibit fibre ; 
nor will a well worked-out fibi-e exhibit coarse crystals.' Mr. Roe- 
bling's view of the matter is, that a molecular change, or so-called 
graaiulaiion or crj/8t(Ulization, in consequence of vibration or tension, 
or both combined, has in no instance been satisfactorily proved or 
demonstrated by experiments. 

107. " He further insists that crystallization in iron or any other 
metal can never take place in a cold state. To form crystals at all 
the metal must be in a highly heated, or nearly a molten state. On 
the other hand, he is witnessing the fact daily, he says, that vibration 
and tension combined will greatly affect the strength of iron unthotU 
changing its fibrous texture. The cohesion and elasticity of wire and 
wire rope will be rapidly destroyed by great tension and vibration 
combined Whether we are able to account for it or not, ^ there 
stands,' says he, ' the fact^ But what is true of iron wire applies 
with equal force, and, when all circumstances and conditions are 
duly proportioned, with even greater force, to large masses. The 
extensive opportunities which his pursuits offer to make experiments 
and observations on wire and wire rope, authorize, he believes, a 
positive expression on this subject. 

108. " Mr. Roebling goes even further. The opinion prevails, that 
a well drawn-out fibre is the only sure sign of tensile strength. This, 
however, is true, he affirms, only when applied to ordiruvry qualities 
of bar or rail iron. The fact is different with good charcoal iron, and 
with steel. The greatest cohesion is accompanied by a fine, close- 
grained, uniform appearance of texture, which, under a magnifying 
glass, exhibits fibre. The colour is a silvery lustre, fi^ee fi*om dark 
specks. The finer and more close-grained the texture,. the nearer the 
iron approaches to steel. Those who are familiar with good Swedish 
or Norway iron will support these statements. These facts alone 
should be sufficient to disprove the erroneous notion that good iron 
and steel, which should always be granular, will become so only by 
vibration, and will thereby lose their strengtL But it is important 
to keep in mind the distinction between a fine uniform granular 
fracture and a coarse crystalline fracture. Where coarse crystalli- 
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zation appears there in a want of contact and compactness^ and^ con- 
sequently, of cohesion and strength generally." 

109. On the " Duration of Iron Structures," 25th January, 1861. 
— " Mr. Boebling suggests a theory by which he accounts for the 
weakening effect which vibration under tension and bending produce 
upon iron. It is as follows: — ^All irons form alloys of pure iron 
mixed with carbon and other impurities. A certain amount of 
impurities, in the shape of good cinder, appears to be necessary to 
impart strength and cohesion to this metal, and also to make it 
malleable, and to give it welding properties. The purer the iron is, 
the higher the heat at which it will weld. Compare, for instance, 
good Swedish iron with common puddled bar : while the latter will 
weld at a low heat, the former requires a much higher heat. Compare 
their fracture and colour : the good Swedish bar will exhibit either 
a fine granular appearance or fibre, accompanied by a silvery lustre, 
showing comparative purity; the puddled bar will be of a dark 
colour, with a graphite lustre, and will show a coarse texture, or 
loose fibre. During the process of puddling, as well as of blooming, 
the melted pig-iron is mixed with cinder; and this mixture, which 
will adhere by cohesion, prevents the formation of large crystals, 
which is the tendency of pure iron in a molten state. Now, by 
working (bringing to nattMre, as the puddler calls it), this mixing and 
crystallization is promoted. The subsequent squeezing and rolling of 
the puddled ball, or the hammering and shingling of the bloom, will 
have the effect of condensing, laminating, reducing, and drawing out 
these crystals, at the same time removing and squeezing out the 
superabundant cinder from between the metallic crystals. Thus, the 
drawn-out fibre is composed of an aggregate of pure iron threads and 
leaves, enveloped in cinder. Pure iron, as well as very impure iron, 
is weak; the maximum strength and toughness is obtained by a 
certain mixture of pure iron with carbon and cinder, thoroughly 
worked and incorporated. When the fibrous and laminar aggregation 
becomes so dense as to be fit for the manufacture of steel, then are, 
by this very process, sufficient impurities expelled, and the greatest 
degree of cohesion is obtained. Hence, strong steel can only be 
made of strong iron, no matter what chemicals may be administered 
during the procesa * Keeping the above process before our minds, 
we may now understand,' says Mr. Roebling, ' why even the best 
fibrous wrought-iron, when exposed to long-continued vibration 
imder tension, or to torsion, bending, or twisting, must inevitably 
become brittle, because the iron threads amd lamince become loosened 
in t?ievr cinder envelopes. But the cohesion between the iron and its 
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cinder once destroyed, and its strength is gona Now, whether 
cohesion is the result of magnetic attraction (according to Faraday) 
or otherwise, this process appears to be pui«ly mechanical.' But let 
the explanation which is here offered be correct or not, says Mr. 
Boebling, the fact remains, that fibrous iron, and all kinds of iron 
and steel, will be rendered brittle by vibration and tension, or by 
bending and twisting, wvthKmt undergoing any mysterious change in 
its molecular arrangement. We think it will be admitted that . the 
author's theory is, to say the least, well deserving future consideration.** 

110. The previous extracts generally refer to supposed changes in the 
iron, independent of and subsequent to its manu&cture ; a few others 
will now be given on crystallization occurring in the production of large 
forged masses, and no higher authority can be quoted than Mr. Clay, of 
the Mersey Forge, who observes, — " A great deal has been said and writ- 
ten with reference to a supposed deterioration, or as it has been called, 
* crystallization' of iron when worked into large masses, from long- 
continued and frequent heatings; it has also been asserted that the 
iron, while lying in the furnace, is continually attracting carbon from 
the grate, until, in course of time, it becomes carburetted, that is, 
re-converted into pig-iron. When this theory was first propounded 
the writer determined to test its accuracy, and that in the presence of 
the gentlemen by whom it had been promulgated A small knob, or 
comer, was accordingly detached from a large forging which had been 
overheated, or burnt; it broke off with a large flaky appearance, very 
similar to some descriptions of lead ore. This was pronounced to be 
very similar in its nature to cast-iron, and in the so-called crystallized 
state. Proceeding to the smith's department, the iron was heated in 
the fire, and drawn down to about three times its original length. It 
worked well under the hammer, and when broken again in the usual 
way, was as beautifully fibrous as the iron from which it was originally 
made. This experiment led to the conclusion that the iron acted 
upon was very different in its nature from cast-iron, and certainly 
fiiiled in sustaining the crystallization theory. .... 

111. "It seems to us that all wrought-iron is, more or less, crystalline 
in its structure; and that the difference between what we call fibrous 
and crystallized iron only consists in the degree of fineness in the 
crystals, and perhaps in the manner in which they are laid together; 
the presence also of foreign matter, such as silicon, in some form, may 
also have its influence. Whatever the cause may be, however, it is 
known that a piece of good fibrous iron will break under the smith's 
hammer with a long silky appearance ; if suddenly fractured by an 



50 Experimenia on WrcmgH-lTon and Sted. 

irresistible blow^ the same piece of iron will break crystalline, but the 
crystals will be very fine and close, and of a good colour. In some 
expeiiments made at Woolwich in 1842, to test the effects of shot 
against wrought-iron plates, and determine whether wrought-iron Was 
a suitable material for ships of war, it was found that the strongest 
and most fibrous plate-iron, when struck by shot, was instantaneously 
crystallized, while the pieces struck out were so hot that the frag- 
ments, even after passing a considerable distance through the air, could 
not be handled with the naked hand; in many cases the fracture had 
that blue appearance which is indicative of considerable heat. 

112. '^A 68-pounder wrought-iron gun burst with the first charge, at 
Woolwich, on the 12th July, 1855: on examination, the iron was 
pronounced to be crystallized, and its nature changed, by long expos- 
ure to great heat. This crystalline appearance was, most probably, 
the result of the very sudden disruption, as in the experiment with 
the iron plates; and according to our view of the case, is traceable to 
bad workmanship. A considerable portion of the bars of which the 
forging was composed had never been welded at all, and no doubt the 
fracture commenced with these false weldings. The crystalline ap- 
pearance, where the iron was torn from the solid mass, arose, at any 
rate to a great extent, from the sudden fracture. Other causes, no 
doubt, assisted, among which the selection of iron too highly refined 
may be included. From this crystalline appearance the authorities of 
the Ordnance Department arrived at the conclusion that large masses 
of iron, from long-continued heating, have a tendency to crystallize, 
and lose the properties peculiar to wrought-iron. 

113. ^'Having thus endeavoured to explain the meaning of the term 
^crystallization,' let us now endeavour to find the causes which pro- 
duce this result. The change in the structure of the mass of iron, 
when it occurs during the process of heating, is usually produced from 
the furnace being urged to a much greater heat than is necessary for 
welding the iron; in fact, the outside first, and, if the heat be not 
checked, the whole of the mass, is reduced to a pasty or partially fluid 
condition. The structure of the iron is thus entirely changed, and in 
the process of cooling the mass, crystallization takes place in the same 
manner as with other substances which crystallize in passing from the 
fluid to the solid state. Under these circumstances, the iron may be 
injured — in other words, it may be burned; but we are not to sup- 
pose that such a result is either inevitable or by any means common ; 
on the contrary, the heat necessary to produce the evil is with difficulty 
obtained in an ordinary furnace, under the most favourable circum- 
stances." 
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114. The above extracts have been given with the view of showing 
that this part of our subject was not only interesting and important, 
but offered a &iir field for further inquiry; and }t is hoped that the 
extensive series of fractured specimens, carefully preserved for refer- 
ence, together with the ascertained facts, will place this vexed 
question in a more satisfia>ctory position than it has hitherto 
occupied 

115. The diversified appearamcea presented in the present series of 
fractures have been classified as follows : — 



\ Granular. 

I Graanlar and crystalline. 
Stbel, < Crystalline and fibrous. 
Granular and fibrous. 
^Fibrous. 



r Fibrous. 
Wrought-Iboh, i Fibrous and crystalline. 
[CrysUlline. 



116. Under each of these classes there are many gradations a$( 
regards the fineness or coarseness of the texture. It only confuses 
matters, however, to liken the crystalline appearance of wrought-iron 
either to cast-iron or to steel, as each has perfectly distinct character- 
istics of its own, although in some cases they approach much nearer 
each other than in others. 

117. Full-size delineations of the Iron fractured specimens, selected 
as representatives of the various classes, are given in Plates II., IY.,V., 
XY., XVI. In Plate II. the softest of the bar specimens is shown at 
K, the hardest and least ductile at Z. Plate lY., specimen M, is the 
most ductile of the fine fibrous class; specimen Q, of the finely crystal- 
line and fibrous; specimen T, of the coarsely crystalline and least 
ductile variety; specimens U,V,and W,of the coarser kinds of fibrous 
laminated plates; and X, unlaminated. Plate Y. contains mis- 
cellaneous specimens, viz., puddled-iron, a,b; the singularly varied 
appearances of pieces cut out of crank-shaft, which were turned down, 
c, dy e, g, h, and forged down i; various kinds of iron bars partly 
converted into steel, k, 1, m, n, o; iron bar after being "cold-rolled," 
p; from the same piece annealed, q; hammered baiviron, r; different 
qualities of angle-iron, 8, t, u, Y, w; coarsest description of strap- 
iron, z« Plate XY. illustrates effects sometimes produced in the 
appearance by altering the shape of specimens; figs. A, C, E, &c., are 
fractures at parallel portion, and figs. B, D, F, &c,, corresponding ones 
at grooved portion. In Plate XYI. fractures of the screwed bolts are 
exhibited ; those wholly fibrous. A, B, C, H, fibit)us and crystalline, Q ; 
wholly crystalline, D, E, F. The following are specimens of those 
acted upon by acid to develop the texture; — ^fig. 1, highly worked 
rolled bar; fig. 2, slightly worked rolled bar; fig. 3, puddled-ii-on 
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rolled; fig. 5, piece cut out of crank-shaft^ lengthways; fig. iy piece 
cut out of armour-plate, crossways. 

118. These illustrfitive plates were prepared with extreme care, in 
order to convey a correct general idea of the yarious peculiarities in 
the specimens ; but the actual fractures must themselves be examined 
to observe many minute distinctions as r^ards lustre and gradations 
in the colour, alike impossible to represent or describe. 

119. The conclusions come to by the writer in course of the present 
experimental inquiiy will now be stated, after which the evidence in 
support of them will be produced. 1. Whenever wrought-iron breaks 
suddenly, a crystaUine appearance is the invariable result; when 
graduMy, invariably Skfhraus appearanca 2. Whether, on the one 
hand, it is finely or coarsely crystalline, or, on the other, the fibre be 
fine and close, or coarse and open, depends upon the quality of the 
iron. 3. When there is a combination in the same bar or plate 
of two kinds — ^the one harder or less ductile than the other — ^the 
appearance will be partly crystalline and partly fibrous, the latter 
produced by the gradual drawing-asunder action previous to and at the 
time of rupture ; whilst in the former the iron breaks suddenly, without 
elongating at time of rupture. 4. When the proportion of the harder 
is considerably less than the softer, the former snaps suddenly, whilst 
the latter continues stretching; but when neai*ly equal, or the less duc- 
tile predominates, both portions break together, or almost at the same 
moment, — ^the one part, gradually arriving at its limit of endurance, 
breaks with a fibrous appearance, whilst a greatly increased strain 
consequently coming on the remaining portion, it suddenly gives way, 
producing a crystalline appearanca 5. The relative qualities of 
various irons may be pretty accurately judged of by comparing their 
fractures, provided they have all been treated in precisely the same 
way, and all broken under the same sort of strains similarly appUed 
6. By varying either the shape, the treatment, the kind of strain, or 
its application, pieces cut off the same bar will be made to present 
vastly different appearances in some kinds of iron, whilst in others 
little or no difference will result 

120. Numerous instances of firactures wholly fibrous, some wholly 
crystalline, and others partly both, are severally contained in Table 
B — Bars, Table D — Plates, and Table E — ^Angle-iron. CTnder the 
heading ^^ fracture " will be found the classified appearance of each 
specimen throughout the entire series; and as ah-eady mentioned, 
"0" signifies that it is wholly fibrous, and "100" wholly crystal- 
line. A very fine example of the union in one bar of five dis- 
tinct layers, two fibrous and three crystalline, occurs in Bradley's 
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S C Crown, No. 147, Table B, and in the con^esponding specimen, 
1507, Table T, both of which pieces stretched a certain amount, and 
then suddenly gave way. 

121. A few examples will now be given, to prove that the ap- 
pearance of the same bar may be completely changed from wholly 
fibrous to wholly crystalline, without calling in the assistance of any 
of those agents already referred to— viz, vibration, percussion, heat, 
magnetism, <fec. ; — ^and that may be done in three different ways : — 
Isty by altering the shape of the specimen so as to render it more 
liable to snap ; 2ndy by treatment making it harder ; and Zrd, by 
applying the strain so suddenly as to render it more liable to snap 
from having less time to stretch. 

122. Firstly y — By altering the shape, rendering it less liable 
to draw out, which was accomplished by simply reducing the 
diameter by means of a narrow square-edged tool; and as it was 
considered desirable not only to ascertain that such a difference 
could be produced, but to give ocular demonstration by presenting 
in the same piece two fractures so widely different in their appear- 
ance as fibrous and crystalline, the following method was devised: 
— Instead of forming heads or shoulders on the bolts, as previously 
done, the two ends were screwed, the one to double the length of 
the other, and in the centre of the long screw a narrow square- 
edged strip was cut' out, as shown in Plate XV. ; the bolt was 
then inserted into the shackles {^, 6, Plate I.) and broken; it was 
afterwards again placed in the lathe, and the space between the screws 
reduced to the same size as the grooved portion, when it was again 
broken. "We will now see the varied results. Compare two bars of the 
same quality, viz.. Bowling (1207) and Lowmoor (1204). The former 
stretched at the grooved portion before breaking, whereas the latter 
snapped : the one was wholly fibrous, as shown at B, the other almost 
wholly crystalline, as at M. These two bolts, when broken at the re- 
duced portion, represented alike the same very fine fibrous fractures as 
at A and L respectively. The question may be asked. Why should the 
one grooved specimen stretch, and not the other ? In I'eply, attention is 
called to the feet, that the one bar is much softer than the other, as 
proved by the area of the one, 1209, Table P, contracting 56*44 per 
cent, with a breaking load of 58,678 lbs., whilst 1206 only contracted 
61*00, with a load of 65,166 lbs,, and hence, it is submitted, arose the 
diversified results presented. Next compare two bars of Glasgow B. 
Best, 1222, which, at the grooved part, had 4 per cent, of the area 
crystalline, as at H; and 1231, which had 96 per cent, as at S. In 
this instance the central portions broke differently — ^the one wholly 
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fibrous, as at G, the other 88 per cent crystalline, as at It ; but the 
cause is again evident from the one being a much harder iron than the 
other, and consequently more liable to snap. Govan hammered bar, 
1201, broke 78 per cent of the area crystalline at the grooved portion, 
but on repeating the experiment, it broke wholly fibrous, as at K, 
as it suddenly drew out on applying the last weight to the steelyard. 
Had this bar been slightly harder it would have broke alike crys- 
talline on both trials, and if, on the other hand, softer, both would 
have been fibrous. Table P and Plate XV. contain other examples. 
In order to remove any suspicion that might arise as to the action 
of screwing having anything to do with the altered appearance of 
the fractures, Lowmoor bar, 1243, was grooved in the middle space 
away from the screwed ends, and when broken showed 90 per cent 
crystalline. 

123. SeconcUy, — We will now proceed to adduce instances in 
which screwing the bolt, by exerting a hardening influence on 
the surface of the ii-on, and thus preventing it from stretching, 
caused it to break suddenly; and other instances will be brought 
forward where no such hardening had taken place, and conse- 
quently the screwed bars presented the same fibrous appearance as 
they did previously in the unscrewed bars. In the one series of bolts 
the screw dies employed were very blunt from long use, and accord- 
ingly the formation of the thread was partly due to a cutting and partly 
to a squeezing action; whereas in the other series, the dies, being new, 
cut out the thread sharply with comparatively little compression. 
<* Lowmoor " unscrewed bars, 105 to 108, Table B, all present very 
fine fibrous fractures, whilst the bolts from the same bars which were 
screwed with the old dies, 1365 to 1370, Table Q, are all wholly 
crystalline, extremely fine; but those screwed with the new dies, 1373 
to 1380, yielded fractures nearly wholly fibrous. Compare " Glasgow 
B. Best" unscrewed bars, 213 to 216, Table B, which are nearly wholly 
fibrous; whilst the bolts screwed with the old dies, viz., 1406 to 1420, 
Table Q, are generally nearly wholly crystalline, but not so fine as the 
Yorkshii-e quality; those screwed with the new dies, viz., 1421 to 
1426, are partly fibrous and partly crystalline. Rupture took place at 
the screwed part, in the one series suddenly, in the other more or less 
gradually, fi-om the screwed part stretching. In a series of bolts which 
were partly converted into steel in a case-hardening furnace, the 
previous fibrous appearance of the bars was changed into crystalline, 
and it is submitted the change was produced thus : — ^the interior por- 
tion remained iron, while the exterior was converted into steel much 
harder and less ductile than the other; the latter only stretched 
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slightly^ and on snapping, its sbaxe of the strain being suddenly added 
to that already borne by the soft portion, caused instant rupture. In 
proof of this, a few examples, 1051 to 1054 and 1061 to 1068, all broke 
with the central portion composed of brilliant crystals, vaiying much 
in size, with a clearly defined ring of fine granular steel outside, as 
represented at k, 1, m, Plate V.; but in 1055, 1057, 1059, and 
1060, a portion of the interior broke fibrous, these bolts having con- 
tinued to donate after the steeled portion had given way, as shown 
at 0. We will now see the effect peculiar treatment has on changing 
the appearance of iron plates. Six pieces were cut from a plate of 
"Blochaim Best," three lengthways and three crossways, and two of 
each were "cold rolled" by Mr. Lauth. 1137 and 1140 Table O, 
ordinary state, broke gradually, wholly fibrous; 1135 and 1138, 
"cold rolled," extremely hard, broke suddenly, — 1135, 54 per cent., 
and 1138, 80 per cent, crystalline; 1136 and 1139, "cold rolled" and 
then annealed, were again soft, broke gradually, and wholly fibrous. 
A bar of the same kind of iron was similarly treated an4 tested; 
the "cold rolled" pieces, in this instance, were not so hard, and 
stretching a little before rupture, yielded a fibrous result See Table 
N, 1081 to 1090. 

124. ThircRy, — Let us see the effect produced on bolts in every 
respect the same as formerly, and broken under the same kind of strain, 
namely, tension ; but instead of adding the weight slowly until ruptured, 
a certain per centage of the ascertained breaking weight was applied 
at once. (This operation will be described in Section XVII.) - Com- 
pare four bars of "Glasgow B. Best:" 1530, Table T, broke instanta- 
neously with a load of 93*8 per cent, fracture wholly crystalline instead 
of only 5 per cent, crystalline, as 213, Table B, off the same bar; 1531, 
broke suddenly with a load of 94*5 per cent, fracture 72 per cent, 
instead of 1 per cent, crystalline, as in 216; 1543, broke with a load 
of 97 '8, fi-acture 22, instead of 2 per cent, crystalline, as in 1094, Table 
N ; 1536, broke very gradually, with a load of 91*2 per cent, fracture 
wholly fibrous, same as 1091. It is interesting to observe that the 
variations of the fractures, under suddenly applied strains, fully corro- 
borate the accuracy of the previous ^experiments under ^oei^^ZMi/^^ applied 
strains. Thus these four bars were found to vary very considerably as 
regards sc^ness. The first, with a breaking strain of 60,817 lbs., only 
contracted 32*7 per cent; the second, with 58,351 lbs., 41*4; the 
third, with 56,604 lbs., 42-4 ; and the fourth, with 55,717 lbs., 44-2 per 
cent Bagnall fli J B, 1545, with a load of 88*1 per cent, broke very 
suddenly after stretching, fracture wholly crystalline, instead of 46 per 
cent, as in 703, Table B, off the same bar. Bradley fli S C, 1507, 
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with a load of 79*2 per cent, broke quickly, fracture 60 per cent, 
erystalline, exactly corresponding with 147. Lowmoor, 1510, broke 
gradually, with a load of 94*4 per cent, fiticture wholly fibrous, 
like 106. Bradley ® charcoal iron, 1601, had a load of 1086 per 
cent, applied, with the view of breaking it instantaneously, if possible; 
but it drew out most beautifuDy, emitting at the same time a con- 
siderable degree of heat, and producing a very fine soft fibre, with, as 
in specimens 133 to 136, a somewhat peculiar fracture. 

125. It will be observed, as was indeed to be expected, that the 
more iron is worked and rolled the more ductile it becomes, and 
hafl consequently the less tendency to break suddenly with a crystal- 
line fracture. A few examples may be given from Table B. The 
fractures of 12 pieces puddled-iron rolled, or wrought-iron in its 
lowest grade, 3delded a mean of 78 per cent, coarsely crystalline; 
the remaining portion, in these pieces, was not fibrous, but consisted 
of dark-coloured flaws; Dundy van, common (8 pieces), 95 per cent, 
ciystalline; Gk)van -K- (12 pieces), 32; Govan B. Best (16 pieces), 22; 
€rovan Extra R Best (24 pieces); and Govan o (12 pieces), were 
wholly fibrous, the latter very fine, close, and uniform in texture. 

126. It has already been mentioned (58) that the outer portion or 
skin was somewhat harder than the inner; we will now find this 
further proved by comparing the fractures of the untwrned specimens 
with those twned. Dundyvan, 1^ inch diameter, 98 per cent, of the 
area crystalline, whilst pieces of the same bars turned to 1 inch 
showed only 70 per cent. ; Bagnall fli J B, 1| inch, showed 15, and 
turned to 1 inch, 11 per cent. ; Glasgow B. Best, \\ inch, showed 5, 
and turned to 1 inch, 8 per cent. ; in this case the crystalline portion 
was in the centre of the bars, and consequently unaffected by the 
turning. 

127. The foregoing remarks and conclusions refer to experiments on 
rolled bar, plate, and angle-iron, and also on hammered bar-iron. A 
few observations will now be made on the fractures of those speci- 
mens cut out of the lai*ge forged crank-shafts, viz., 288-295, and 
783-796, Table B; 1096-1102, Table N; and 1546-1550, Table T. 
In some the appearance only varied slightly, in others considerably, 
and in a peculiarly marked manner in others. Both of these shafts 
were formed of " scrap slabs laid on in no regular way," writes the 
maker ; *' and of course, being iron collected from so many places, would 
most likely be of many kinds," — ^which was found to be the case, as 
shown in the singulai-ly varied appearances, especially of 793 to 796. 
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Specimen 796 is a good illustration of the truth of Mr. Clay's remarks 
(66) against using in the same forging iron of various qualities, 
requiring different degrees of heat, as one-half of that specimen is 
brilliantly crystalline, the other discoloured and burned. Specimen 
794, fig. d, Plate V., is a most beautiful example of three combina- 
tions in one piece, viz., very large crystals, a seam or weld, and small 
crystals, the last of the same class as met with in the other speci- 
mens, the first only found, and that in a less marked degree, in 793. 
These very large crystals seem to be those described by Mr. Clay 
(113) as being sometimes formed during the production of large 
forged masses. Specimen 795, Bg. e, is wholly fibrous, of the same 
kind as partially found in some of the other shaft specimens, but dis- 
tinctly different from that in the rolled bars, <fec. All these pieces 
were cut out and turned down, and truly represent the iron as it 
existed in the shafts. 

128. We now turn to Table N, also containing pieces, but subjected 
to various kinds of treatment to observe the effects: 1096-1098 were 
forged round from blocks If inch square, and reduced in the lathe 
from 1| to 1 inch : the result was greatly to increase their strength, and, 
as will be noticed in Section XTII., the fractures much more closely 
resembled those of rolled iron. One of these specimens, 1096, is repre- 
sented at i, Plate V. Specimen 1100, from one shaft, and 1101, from 
the other, were cut out and turned down, then highly heated and sud- 
denly cooled in water; — observe the difference : 1100 wholly crystalline, 
generally large, as at g; 1101 nearly wholly fibrous, as at h; the 
former broke very suddenly with a low strain, the latter gradually 
with a high strain. The writer intended to have tried some additional 
experiments, but, unfortunately, the remaining pieces which he had set 
aside were accidentally taken away and used. 

129. Specimens 797-802, Table B, cut crossways off the end of two 
forged armour-plates, yielded fractures nearly wholly fibrous, of a 
laminated formation, as at f, and closely resembling some kinds of 
rolled plates. 

130. Reference will now be made to some of the statements and 
opinions entertained by others, as given in the extracts previously 
quoted. Although " it was fouAd that the strongest and most fibrous 
plate-iron when struck by shot" presented a crystalline appearance, it 
does not necessarily follow that it "was instantaneously crystallized," 
as stated (111) by Mr. Clay. The difference, according to the writer, 
was merely in appearance, not in reality, and was consequent on the 
plate being fractured so suddenly that no time was allowed for 
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stretcliiDg, and hence it was impossible that the fractare could be 
anything else but crystalline. 

131. Because "railway axles," "chains," "chain-slings," "porter- 
bars," "arms of a fly-wheel," Ac, broke, and the fractures showed a 
crystalline instead of a fibrous appearance, many eminent persons came 
to the conclusion that the iron had actually undergone a mysterious 
change from the rough usage, &c., it had been subjected ta The 
causes were variously assigned to be "percussion," "concussion," "vi- 
bration," "jar," "jarring action," "tension," "bending," "deflection," 
"sudden cooling," "frost,!' "friction," "heat," "magnetism," &c. 
Some thought that one of these was sufficient, whilst others main- 
tained that two or three combined were necessary. Now, as all these 
breakages were siuMen, the fractures could not possibly have presented 
the fibrous appearance expected, the latter being produced^ as the 
writer has endeavoured to show, by the tecvring, not amipping asunder^ 
of the various particles. 

132. That some of the causes assigned for the change from a fibrous 
to a crystalline condition should have operated prejudicially on 
the tenacity or cohesion of the iron, and so facilitated the rupture, is 
another and totally diflerent question, which has been somewhat 
unaccountably mixed up with the former. With one or two exceptions 
this has been the case with all parties who have treated of the subject, 
and hence, perhaps, much of the confusion perceptible in the opinions 
which they have expressed. Another source of confusion, in the 
writer's opinion, arises from the terms employed by many when 
merely speakiug of good and bad qualities, or of a high and low- 
priced iron — thus, "a fibrous iron," "a crystalline iron." Through- 
out the present paper it was thought preferable to describe them 
thus: a soft as opposed to a hard iron, fine to coarse, ductile to 
brittle, as seemed most suitable to the particular case. The fractured 
appearance of the one quality is described either as finely fibrous or 
finely crystalline, or partly both: the other as coarsely fibrous or 
coarsely crystalline, or partly both. 

133. The writer is not aware that it has ever before been stated, as 
he has endeavoured to do distinctly, that it is not to any of those 
agencies named by others, but simply to the act of breaking, that are 
due the difierent appearances presented to the eye in fractured iron, 
respectively called fibrous and crystalline, or, as it is termed by 
some, fibrous and granular, and again, as explained by another (103), 
"the passage of the iron from a fibrous crystalline state" to "a 
granular crystalline state." Although Mr. Stephenson did not 
believe that any change could take place in the structure of iron, 
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as asserted by others, yet he did not point out what was the cause of 
the apparent diversity. He showed, however (93), that what appeared 
to the naked eye fibrous was, under a powerful microscope, essentially 
a crystalline mass, and again, what appeared extremely crystalline had 
much the same appearance under the microscope as a fibrous surface 
to the naked eye; and therefore he could not "conceive a change 
going on in the structure of iron, as it would involve a change from one 
kind of crystalline structure to another, which was next to an impos- 
sibility." Neither has Mr. Roebling pointed out the cause. He I'efers 
(109) to the strength being, destroyed, and thus ingeniously accounts 
for it : " Even the best fibrous wrought-iron, when exposed to long- 
continued vibration under tension, or to tension, bending, or twisting, 
must inevitably become brittle, because the iron threads and lamina 
become loosened in their cinder envelopes. But the cohesion between 
the iron and its cinder once destroyed, its strength is gone." 

134. The varied experiments by which the writer was led to the 
conclusions stated above, he trusts others, upon a careful examination, 
will consider satisfactory and conclusive. Mr. M'Connell (90), when 
replying in support of his own conviction that a change did take place 
in railway axles from a fibrous to a crystalline structure, *•' observed 
that in this, as in some other matters of controversy, it is most diffi- 
cult to produce full and conclusive proof that iron which is pro- 
duced of a crystalline character was once fibrous, as we cannot by any 
experiment show the change visibly taking place," &c. Some objected 
to the evidence produced in the form of broken railway axles with a 
crystalline fracture, on the ground that there was no proof they had 
originally been fibrous; and others went still farther, by stating that 
they did not believe that any axle which, when broken, proved to be 
crystalline, had ever been fibrous in its character. Although fully 
satisfied himself, from his other experiments, the writer thought it 
extremely desirable to present in the same specimen the two kinds of 
fracture, so widely different in appearance, in order completely to 
remove any doubt as to identity that might exist in the minds of any. 
Hence one of his reasons for making the experiments on the effects of 
altering the specimen's shape, which have already been referred to 
under No. 122 of this section. 

135. It has already been remarked (127) that the appearance of the 
crank-shafb specimens varied very singularly, and that they were dis- 
tinctly different from any of the rolled bars. It occurred to the ^rriter 
that much additional information as to this and other differences 
would be gained by immersing a few pieces of the various classes in 
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dilute hydrochloric acid, which, acting on the surrounding impurities, 
would expose to view the metallic portion alone for examination. To 
the beautiful specimens thus obtained he now solicits attention, and 
craves indulgence whilst attempting to describe some of the. most 
marked features presented. The effect produced by repeated rolling 
is at onoe apparent when we compare a highly worked or superior 
quality with a slightly worked or inferior. In the former the appear- 
ance presented by the bar is that of very fine and straight long hairs or 
threads lying closely together, as shown in ^g. 1, Plate XVI. ; in the 
latter, to some extent, there is the same thread-like appearance, but 
indistinct and wavy, very irregular in size, in some parts lying close, 
iu others far apart, as in fig. 2. Puddled-iron rolled, or wrought- 
iron in its lowest state, presents more a woolly than a thread-like 
appearance, as in fig. 3; the latter development seems as if com- 
mencing to be formed by the first rolling, the former, or woolly 
resemblance, to be due to the puddling process. Swedish tilted bars, 
264 and 267, present even to the naked eye a beautiful silvery 
variegated appearance; also Russian bar, 272; the latter dense and 
very fine. Govan hammered bar, 1119, has the same marked, fine, 
thread-like appearance, but the threads are not so straight and 
equal as in the first referred to. Crank-shaft, 793, 794, 1549, 
are extremely varied, and have a wood-like appearance, as in fig. 5, 
some portions dense, others porous, with here and there a silvery- 
looking vein, distinctly different from the other portions; in some 
places the fibres or threads are seen sideways, in others endways. 
Armour-plate 798 is like the last, but rather more porous, as shown 
in fig. 4. 

136. It seems surprising to the writer that such a simple mode as 
that just described, of examining the texture of iron, had not occurred 
to any of those individuals who have expressed their opinions for and 
agaiDst the supposed change from a fibrous to a crystalline structure 
during the time of its being in use, as he believes it would have 
tended to the settlement of the question long ere now. Perhaps it 
may be asked, Why such a difference, even in appearance, if no actual 
change in the structure 1 The writer replies simply thus, — In the 
case of the fibrous fracture the threads are drawn out, and are viewed 
exterrudly; in the case of the crystalline fracture the threads in 
clusters are snapped across, and are viewed internally or eectionaUy* 

* After the foregoing was in type there appeared in The Practical Meckamc's Journal 
(January, 1862) an article entitled " The Annealing Temperatures of Metals, and Crys- 
tallization produced by Vibration.'* The remarks in that issue were confined to the first 
clause of the title, and conclude thus: '* At the commencement of this paper we put in 



Appearance of Fracture — Sted. 61 

XT. Appearance op Fracture—Steel. 

137. As nothing, or extremely little, has been written regarding 
the appearances of fractured steel, the following remarks will be 
confined to those obtained in coui-se of the present experiments, and 
recorded in Tables A, C, N, O. They are classified under the follow- 
ing heads, viz. : — 

1. Granular. 

2. Granular and crystalline. 
3« Crystalline and fibrous. 

4. Granular and fibrous. 

5, Fibrous. 

ISS, These several kinds are represented in Plate II. — Bars: granu- 
lar, A, B, C; granular and crystalline, D; ciystalline and fibrous, E; 
granular and fibrous, F, G ; fibrous (silky), H, I ; specimens A and I 
are respectively the hardest and softest. In Plate III. — Plates: 
granular, A, B, C; granular and fibrous, D; fibrous (silky), E, F, G, H; 

words another class of molecular changes, in virtae of which tjres, axles, cannon, and all 
things formed of metal are presumed, in course of wear and use, to become deteriorated, 
weakened, or destroyed, namely, crystallization produced by vibration. We shall 
reserve the consideration of this, however, to a separate article in a future number. The 
subject is one of such great practical importance, it is one so little understood, it appears- 
80 ill-digested on tlie part of even some of our leading practical experimentalists on iron, 
and engineers, and is withal so frequently the subject-matter of ignorant or half-informed 
temarks in our mechanical joomals, and on the part of theur correspondents, that we 
shall best devote to it a separate article." In the continuation of the article in the issue 
of the ensuing month, allusion is made to the prevailing opinions on the subject of crys- 
tallization of metals produced by vibration. The following is an extract: — *^ We used 
advisedly these words at the head of this article, although essentially untrue to nature 
and fact. They are the common 'cant phrase,* we may call it, by which ill-informed 
men have, for more than twenty years, cloaked their ignorance when called upon to 
discuss or explain what has taken place when metals have been broken or torn asunder; 
and by which coroners and juries have been mystified, in cases of loss of life and Hmb by 
broken tyres and axles, by a certain class of men delighting to call tbemselres 
* practical,^ as though it were not a fact that the otdy truly practical man is he who is 
accurate and well informed'in theoretical knowledge. In this special subject, ignorance, 
confused and inadequate notions of the molecular constitution of metals in general, and 
of the changes therein, real or supposed, which happen when they are submitted to 
strains, steady or variable, or to fracture, is, unhappily, not confined to any class of 
engineers. Almost every man in the profession who has opened his lips, or put pen to 
paper on the subject, has shown how unformed and inexact his notions have been.'' The 
article closes thus: ** We have cleared the foundation, and hope to place the edifice of 
the just philosophy of the subject before our readers in our next." The discussion of the 
subject has not been resumed in any subsequent issues of the above journal up to the time 
of the present portion of this paper gohag to press. {^For continuation see Appendix J.] 
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fibrous (laminated), t, J, K, L. Specimen A is the hardest, and speci- 
men H the softest of the cast-steel rolled plates; whilst specimens I to 
L are puddled or wrougbt-steel rolled plates. 

139. The conclusions respecting wrought-iron are equally appropriate 
to steel, viz., — ^Whenever rupture occurs dowly^ a silky fibrous, and 
■when suddmiyy a granular appearance are invariably the result ; both 
kinds varying in fineness according to quality. The surface in the 
latter case is even, and always at right angles with the length ; in the 
former, angular and in*egular in outline. 

140. The colour is a light pearl grey, slightly varying in shade with 
the quality ; the granular fractures are almost entirely free of lustre, 
and consequently totally unlike the brilliant crystalline appearance of 
wrought-iron. In order to have specimens with the two combined, 
for sake of comparison, a number of iron bolts were submitted to the 
steeling process in a case-hardening furnace, different qualities of iron 
being used, and several most beautiful fractures were thus obtained. 
Some of these are given in Plate V. — figs, k, 1, m, n, o. The finely 
granulated ring outside being steel, is nearly free of lustre, whilst the 
central portion remaining iron, is composed of biilliant crystals. The 
breadth of ring varies with the quality of iron, being scarcely per- 
ceptible in the common quality, but broad and distinctly defined in 
the Staffordshire charcoal and Yorkshire bars. These case-hardened 
bolts were referred to in the foregoing Section (123), and will also 
be in Section XIII. 

141. Some examples were adduced to prove that by varying the 
treatment the same bar of iron may present two very different aspects; 
so also with steeL Homogeneous rivet metal. Table N> 1041, highly 
heated and cooled slowly, very soft, drew out and was wholly fibrous; 
1038, medium heated and cooled in oil, was 30 per cent granular; 1037, 
highly heated and cooled in oil, 95 per cent.; 1042, highly heated and 
cooled in water, hard, snapped, and was wholly granular. Moss and 
Gambles' rivet steel, 1034, soft, wholly fibrous; 1033, hardened in oD, 
82 per cent, granular, 18 per cent, fibrous; 1030, soft, one-half granu- 
lar, the other fibrous; 1029, hard, wholly granular. Table O, Homo- 
geneous metal, 1160, 1162, 1164, soft, wholly fibrous; 1159, 1161, 
1163, hardened in oil, respectively, 95, 98, 95, per cent, granular. 

XII. Rate op Elongation under Incjeueasing Strains. 

142. In Tables A to E are stated the extreme elongation of each 
specimen, the original length of the part stretched, and the amount 
per cent, of elongation. It was considered, however, of importance to 
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ascei'tain, not only the total extension, but also the amount of strain 
required to produce a perceptible difference in the specimen's length, 
and the rate of increase, as the subsequent weights were applied 
A very accurate quarter-of-an-inch ivory scale, divided decimally 
throughout its length, was used for reading oiffthe measurements; and 
as it would have been dangerous to apply the scale directly to the 
specimen when under severe strain, a large pair of compasses was 
employed to take the distance between the marks, previously made 
with a centre-punch. As an example of the mode of noting these 
observations, take Lowmoor square bar (103, Table B). Area 
(original) 1*0403 sq. in.; original length of part stretched, 304; in- 
crease, 7-20 = 23-7 per cent of the original length. 

Weiobtb oh Stekltabdu 

Nombei; U 1« 18 90 S3 24 .36 27 28 28 28 28 39 29@Mlba 

3 4 6 6 6@281I)t. 
3 4@14IlM. 
1® Tibs. 
Length, 88-73 88-88 84-00 84-24 84-57 85-00 85*60 86-06 86^ 86-75 87-80 87-60 88*10 80-00 Broke. 
Increaae, -00 11 -28 -63 -83 1-28 178 3*88 3-68 8-08 8*48 888 4*88 6-28 7-30 

143. One specimen in each lot, and the third in the order of testing, 
was noted ; consequently it sometimes happened to be the best, and 
sometimes the worst, in the set. The relative quality of the specimen 
can readily be ascertained by referring to the other table, as its index 
number is given for that purpose. 'In proof that the little additional 
time required in testing these had no injurious effect in lessening the 
amount of breaking strain, as seemed to be imagined by some, it will 
be found, on going over the 81 bar specimens in table B, whose rate of 
elongation was observed, that 24 bore the first or highest strain, 21 
the second, 20 the third, and 16 the fourth or lowest. 

144. These observations are contained in Table L, the specimens 
being classified and aiTanged nearly in the order of their respective 
areas. As the areas varied, and also the lengths, it was necessary for 
comparison to reduce the progressive strains of this table into lbs. per • 
square inch, and also to convert the observed extensions into deci- 
mals of the length. This involved a considerable amount of tedious 
calculation, which was greatly increased by the steelyard and weights 
not being decimally proportioned, which of course they would have 
been if made expressly for testing. 

145. The results of these calculations are given in Table M, con- 
taining a selection fix)m the various classes. It will be observed, on 
examining the contents of columns 4 to 24, that the rate as well as 
the ultimate elongation, column 25, varies not only extremely in 
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different qualities, but also considerably in specimens of tbe same 
brand. The following examples show some of these variations ; — 

Swedish, R F, No. 584 »0,000 -0200 40,000 -0708 60,000 «,000 f 49,022 f2670 

Swediah, X, 688 „ -0200 „ •0640 „ 1670 „ 60,2«2 [1868 

Bradley. (P 627 „ "0036 „ -0360 „ DWS „ 66,004 "2900 

Bradley, B B, Sen* 617 „ "0004 „ -0228 „ ^0850 „ 1.68,671 i'^flOO 

Lowmoor, 604 „ -0090 „ -0190 „ -0600 „ -1480 ^e2,68« J'^CW 

Fltfnley 609 „ ^0046 „ -0210 „ "0680 „ -1480 §64,188 |*2647 

Goran, O, 611 „ -0017 „ -0160 „ -0680 „ 169.726 0-2717 

Ulverrton, 618 „ "0028 „ "0170 „ -0680 „ |68,000 ^-2060 

Ulyerffcon, 686 „ -0182 „ '0604 „ „ |48,870 |-288a 

Bradley, SB S a ....605 „ -0040 „ -0200 „ -0690 „ -naO |62,844 ^-2684 

Govan, « 608 „ -0000 „ -007* „ H)406 „ -1076 '"^60,722 P-118* 

Boflsiaii, G G M)^ 625 „ '0044 „ DISC „ -0376 „ 66,447 -0650 

Crank-ahaft, 586 „ "0170 „ 0820 „ „ 44.661 1784 

Cnuok-abaft, 687 „ "0280 „ 1070 „ „ 148,420 1'9461 



146. The varied character of the results in Table M are seen at a 
glance in Plates XL, XIL, XIIL, containing a series of curves con- 
structed by using as ordinates the numerical contents of columns 4 
to 25. It will be observed that in Plate XII., crank-shafb specimen 
537, the elongation began to be perceptible at 22,000 lbs., and broke at 
43,420 ; whereas Bowling 550, forged, highly heated, and cooled in 
water, only began perceptibly to stretch at 43,000, and broke at 
76,839. 

147. In order to ascertain if the bolts stretched equally throughout 
their length, several had the distance between the centre points 
divided into half-inch spaces, as shown on the dotted lines in Plate 
XIY. With a few exceptions the increase was found uniform 
throughout the length, until very close upon rupture, when they 
more or less suddenly drew out at one jjart, as in figs. 1, 3, 4; in some 
instances at two> as in fig. 2 ; and in a few exceptional cases at three 
different places. In this plate the broken bars are shown in outline 
with the stretched spaces jnarked on the central JuU lines, and the 
oriffinal spaces on the dotted ones^ so that they may be compared. 

148. Not only was the lateral contraction at the fracture found to 
vary extremely, as already noticed in Section VIII, but was also 
more abrupt in some, as in figs. 1 and 3, more gradual in others, as 
in fig. 4. This latter peculiarity is also shown by the outline of 
the specimens in Plates II. and XY., and beautifully illustrated by 
variations in the elongation curves, Plate XII., as, for example, from 
a to b in 527, 549, 550. 

149. A number of the plate specimens were polished on one side, 
and a series of circles drawn, which were converted more or less into 
ellipses on being tested, as shown in ^g, 5, Plate XIV. 

150. These plates and table show comparatively the marked changes 
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in extension exhibited in many different qualities; but of course the 
pieces were too short to observe the minute variations under strains 
less than from 26,000 to 30,000 lbs. per square inch. It is, however, 
hoped these illustrations will be acceptable by supplying an existing 
deficiency in the former respect, and the latter will so far be made up 
by referring to previous experiments by others, which are only 
deficient in being too few. 

151. Professor Barlow states that the mean extension per ton per 
square inch in seven experiments on iron bars varied from -0001082 
to -0000841 ; ihe gross mean -0000956. The strain, which was just 
sufficient to balance the elasticity of the bar, was found to vary from 
11 to 8^ tons. He remarks, — " We may consider, therefore, that the 
elastic power of good medium iron is equal ta about ten tons per inch; 
and that this force varies from ten to eight tons in indifferent and 
bad iron. It appears also (considering -000095 as representing in 
round numbers y^.^^^y) that a bar of iron is extended one ten- 
thousandth part of its length by every ton of direct strain per square 
inch of section; and consequently that its elasticity w^ill be fully 
excited when stretched to the amount of one-thousandth part of its 
length." 

152. The late Mr. Hodgkinson made experiments on two rods 50 
feet long, one -517 inch diameter, the other '7517 inch, and found 
the mean extension per ton per inch was in the first -0000804, in the 
second -0000809, and the rate of extension was remarkably unifoim 
up to 15 or 16 tona 

153. Mr. Edwin Clark gives the result of orie experiment on "a new 
wrought-iren bar, 10 feet long and 1 inch square," in the following 
table. He writes, — "The extension of this material is remarkably 
uniform up to 15 or 16 tons on the square inch, in proportion to the 
weight; that is, with 8 or 10 tons the extension is eight or ten times 
as great as with a single ton. We have the following experimental 
results in breaking a new wrought-iron bar, 10 feet long and 1 inch 
square, by a suspended weight increased ton by ton, the bar and 
weights being reduced, to preserve the uniformity of the table. It will 
be observed, on comparing columns 2 and 3, that up to 12 tons 
the observed and calculated extensions are almost identical, by assum- 
ing the extension to be -niii.^on*^^ ^ *^® length per ton per square 
inch. But beyond this strain the observed extension rapidly exceeds 
this uniform rate." 
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Tons. 


Observed Extension 

in terms of tbe 

Lengtb. 


Ckmipnted Ex- 

oniform at 

Tinmnrofihe 

Length per Ton 

perSq. Inch. 


Correqwnding 
Extension in 

fractional parts 
of the Length 
computed at 

nmrFTrP«'-Ton 
per Sq. Inch. 


Observed 

Permanent Set in 

terms of the 

Length. 


Observed 
Permanent 
Setinfrac 
tional parts 
of the 

Length. 


•000069 


•00008 










•000156 


•00016 


8 38 








•000238 


-00024 


•00000218 






•000319 


•00032 


tAt 


•00000283 






•000899 


•00040 


TBinr 


•00000366 


981080 




•00048 


•00048 




•00000427 






•00066 


•00056 


ttW 


•00000497 






•00064 


•00064 


tsVt 


•00000660 


18884r 




•00072 


•00072 


T^ 


•00001201 




10 


•00080 


•00080 


niW 


•00001334 


74081 


11 


•00089 


•00088 


ttW 


•00003392 


^nhrz 


12 


•00102 


•00096 


rnW 


•00008368 




13 


•00128 
r ^00218 ) 


•00104 


1^ 


•0002698 


•mw 


14 


■sin ten minatesf 
i. ^00231 ) 


•00112 


T^ 


•0011076 


^ 


16 


•00416 


•00120 


Is 


•002976 


t5t 


16 


•00443 


•00128 


•003176 


TIT 




r -00934 ) 








17 


^in ten minatesv 
( ^01016 ) 


-00136 


•008760 


Tb 




( -01024 -k 








18 


Jin ten minutes^ 


•00144 




•009170 


rh 




( ^01212 ) 










/ -01786 -^ 








19 


Jin ten minutes V 


•00162 


•018690 


■h 




I -02017 ) 




^1 








} -02124 \ 








20 


Jin ten minutes V 


-00160 


^ 1* 


•019790 


A 




( -02146 j 










} -02429 ^ 








21 


Jin ten minutes I 


•00168 


J95 


•022810 


■^ 




( -02472 ) 










t ^03400 ^ 
^in ten minutes I 
\ -03426 ) 




|a 






22 


•00176 


•081988 


A 



154. " We may generally assume the ultimate tensile strength of 
wrought-iron bars at 24, and of wrought-iron plates at 20 tons per 
square inch, and its ultimate useful strength at 12 tons per square inch ; 
and within this latter limit its extension may be taken at T7nr%uiT^^B ^^ 
the length per ton per square inch of section, and its permanent set 
may be obtained fix)m the table given. Thus, the first extension of 
the chain used for raising the tubes was '7968 inch, and the per- 
manent set •008 inch; but having once used them with this strain, 
and this permanent set being obtained, on employing them again 
under the same strain, the extension will only be '7968 inch — '008 
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incb, or -789 incli, and the permanent set will be no further increased. 
Metal, however, requires a very considerable time to adapt itself to 
additional strain, or to return again to the diminished length at 
which it will remain constant after strain, analogous to the leugth of 
time found requisite, with astronomical instruments, to allow them 
to adapt themselves to great change of temperature before they will 
remain in adjustment. These same laws are applicable both to the 
compression and the extension of wrought-iron." 

155. These ten are the only experiments the writer has met with on 
the rate of extension; he will now refer to those on ultimate extension. 
The results of Mr. Lloyd's experiments on If inch bars of S C tt iron, 
1st, To ascertain the effects of four successive breakages, and 2d, 
" Whether a shorter bar is stronger than a longer one of the same 
kind and size," are given by Dr. Fairbaim in the two following 
tables, which have been already referred to in Section VIII. 





First breakage. 


Second breakage. 


Third breakage. 


Fourth breakage. 


RnrlnMMl 


Distinguish- 
ing mark. 


Ton& 


Stretch In 
54 inches. 


Tons. 


Stretch 
in 86 
inche& 


Tonsw 


stretch 
in 24 
inches. 


1 
Tons. 


Stretch 

in 16 

incheik 


from 
1-87 to 






in. 




in. 




in. 




in. 


in. 


A 


88-75 


9-126 


85-50 


2-00 












C 


38-76 


9-250 


86-25 


•25 


37-00 


1-00 


38-76 




1^25 


£ 


82-50 


9-260 


34-76 


1-25 












F 


33-25 


10-500 


35-50 


1-12 


87-25 


•62 


40-40 




1-18 


G 


82-75 


8-500 


36-00 


1-25 


37-5 




40-41 




1-25 


H 


33-75 


10-626 


86-25 


1-87 












I 


33-50 


8-375 


34-50 


•62 


36-5 


1-50 








J 


33-60 


9-250 


36-00 


•25 


36-75 


1-12 


41-76 




1-26 


L 


32-25 


Defective 


36-60 


1-5 


37-75 




4100 


•81 


1-26 


M 


30-25 


Defective 


36-50 


•62 


37-75 


•06 


38-50 

1 


•06 


1-25 


Mean 


32-92 




86-57 




37-21 




40-16 




1-24 


Meanper^ 
sq. inch,) 


23-94 




25*86 




27^06 




29-20 




•90 



156. " It is important to observe that the elongations are not in 
proportion to the forces of extension ; thus, in bar F, the elongation 
of a bar 54 inches long, with 33-25 tons, is 10*5 inches, giving an 

10-5 



elongation per unit of weight and length = 



33*25 X 54 



= -0058; 



whereas an additional weight of 2*25 tons produces an elongation 

of 1*25 inches in 36 inches of length of bar, giving an elongation per 

1*25 
unit of length and weight = ^^ — ^^ = '0154 ; that is, the elongation 

in this case is about three times that in the former. 



es 
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157. " From the experiment on rivet-iron we have a mean elonga- 
tion, in fourteen experiments, of *643 inches in 2^ inches, or 

-^^ = '257 per unit of length; and in those on S C fl> bars, we 

have a mean elongation of -274, as given in the following table : — 



Length between 


Breaking strain 


Mean elongation 




the Nippen. 


in ton& 


in inchea. 


unit of length. 


in. 








120 


82-21 


260 


•216 


42 


8212 


9-8 


•233 


36 


82*35 


8-8 


•244 


24 


32-00 


6-2 


•258 


10 


82-29 


4-2 


•420 



158. " Hence it appears that the elongation of bars of wroiight-iron 
increases with the decrease of their length; thus, while a bar of 120 
inches has an elongation of '216 inch per unit of its length, a bar of 
10 inches has an elongation of 42 inch per imit of its length, or nearly 
double what it is in the former case. The relation between the length 
of bar and its maximum elongation per unit may be approximately 
expressed by the following formula, viz. : — 

25 



^=•18 + 



L' 



where L represents the length of the bar, and I the elongation per 
unit of length of the bar." 

159. It will be noticed that Dr. Fairbaim offers no explanation. 
The writer, however, hopes to show the reason why the ratio of 
ultimcUe elongation may, in some kinds of iron, be greater in short 
than in long bars. This will best be done by referring to the elonga- 
tion curves; thus, the ultimate extension of 549, Plate XII., is -2013 
of the length, but of this, the distance from b to c, or -0633, equal to 
31-4 per cent, of the whole, is entirely due to fracture, the remainder, 
•1380, it is submitted, will be constant whatever may be the length, 
provided it be of uniform quality throughout. The total elongation in 
550 is -2000; distance b— C, -0765 = 38*2; remainder, -1235 constant: 
also in 527, total, '2900; distance b— c, '1290 =z 44*5 per cent.; remain- 
der, '1610 constant, irrespective of length. These three drew out 
respectively 31*4, 38*2, 44-5 per cent, suddenly before rupture. Next 
will be given other three where no such drawing-out took place, viz., 
514, 5'25f 531 ; and consequently the ratio of their ultimate elongation 
would be unaffected by difference in their lengths. The other Plates, 
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XI., XIII., also contain several examples of both kinds, which may 
be examined, but which it will not be necessary to refer to here. 

160. The writer will next endeavour to show that Dr. Fairbaim and 
others have overlooked a second important element as affecting the 
extension, namely, the area of the specimens. How can the quality be 
ascertained by comparing the extension, if the respective areas are not 
also stated? For it surely could not be expected that two bars, 
although of precisely the same quality and length, would elongate 
equally if their diameters were, say, 2 inches and ^ inch. It was 
difficult experimentally to ascertain the exact ratio of the difference 
due to size alone, as the actual quality in some lots varied very con- 
siderably, although all of the same brand, which the following examples 
from Table B will show: — The mean ultimate elongations will be found 
in column 21, but for the present purpose they are expressed in units 
instead of per centages of the length. Glasgow B. Best, l\ inch, 
•203; 1, -232; |, -237; |, -200.*. Govan*,!^ inch, -167; 1,-164; J, -158; 
f, -188. Govan B. Best, 1| inch, -170; 1, -191; |, -200; f, -173 and 
•169. Govan Ex. B. Best, 1 J inch, ^238; 1, -223; |, ^192; f , -176 and 
•173. Govan o, U inch, -248; 1, ^252; |, •214. In order to avoid 
these discrepancies occasioned by variations in the quality, and also 
by differences in the length, a bar of Govan o li inch diameter was 
cut into five pieces, of which four were re-heated and reduced in the roll- 
ing-mill to 1^, 1, f , i inch, and then cut to equal lengths. The results 
obtained are given in Table N, 1113-1116; 1^ inch, -283; 1, -267; |, 
•252; ^, -238. The corresponding breaking strains were 56,869, 
57,379, 58,190, 59,708, showing, on the one hand, an increase in 
strength due to additional rolling; on the other, a decrease in the 
ratio of extension due to reduction in diameter. This decrease would 
evidently have been greater had the strength remained uniform. The 
strength increased 0*9 per cent, in roUiDg down from 1^ to 1 inch, 
2-3 from 1^ to |, 5-9 from 1^ to ^ inch; and the ratio of extension 
decreased 5*7 per cent, in comparing 1;J; with 1 inch ; 10-9, 1;J with f ; 
15-9, 11 with ^ inch. The rate of extension in these four bars are 
given in Table M, 542-545; and on referring to Plate XII. it will be 
found that the curves of I J and ^ inch bars, or 542 and 545, very 
nearly correspond. 

XIII. Influence op Yarious Kinds op Treatment. 

161. The peculiar and invaluable property possessed by steel, of be- 
coming extremely hard after being heated and plunged into cold 
water, and its capability of being softened down by "tempering" 
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to the required degree of hardness, seemed for several reasons to 
be worthy of investigation, to ascertain the influence this harden- 
ing had as affecting the strength of steeL Tables N and O contain 
the results of experiments on bars and plates. For the first trial, 
six pieces were taken from one bar of "chisel cast-steel," and 
forged into shape. 1006, Table N, was heated and allowed to 
cool slowly; 1002, heated and plunged into cold water: 1003, 
same as the last, but tempered to yellow shade by slightly heating ; 
1005, same as before, but tempered to blue shade ; 1004, also heated, 
cooled as before, and brought to " spring temper" with tallow; 1001, 
heated and plunged into oil, instead of water. Now, observe the 
varied results: — 1006, soft, bore 121,716 lbs. per square inch; 1002, 
cooled in uxUer, extremely hard, only 90,049 lbs.; 1001, cooled in 
ml, and hard, actually bore 215,400 lbs., or 96| tons per square 
inch, showing a gain in strength of 77 per cent. ; whilst 1002 shows 
a loss of 26 per cent, 1001 being 2f ths stronger than 1002. The 
other bolts, 1003, 1004, 1005, also show a loss in strength, respectively, 
of 17*0, 13*8, and 8 per cent. This singular effect of hardening in 
oil was fully corroborated by subsequent tests, shown in the table. 
Various qualities of steel were taken, and the degree to which they 
were heated before immersion was varied, to observe the difference. 
The following is the per centage of increase in strength, beginning 
with the hard steels highly heated, and ending with the soft steels 
slightlyheated:— 79 0, 77-6, 71-4, 70-9, 65-1, 641, 58-5, 57-0, 55-2, 
53-2, 44-8, 40-7, 29-5, 24-2, 15-6, 11-8. In a few instances coal-tar 
was tried, and in some tallow; but the results, although good, were 
inferior to those with oil, which was of the coarsest and cheapest 
description. Rivet-steel, heated, and cooled in water, shows a loss 
in 1035 of 24*4, and in 1042, a loss of 18*5 per cent., confirming the 
accuracy of the former experiment Of course the writer was 
fully aware that oil had previously been used for hardening sundry 
thin articles; it was not, however, to increase their strength, but 
because they were distorted by immersion in water. 

162. Steel plates were next tried, and are fully detailed in Table 
O. Eleven pieces were heated to various degrees, and hardened in 
oil : they show the following per centages of gain, viz. : — 56*4, 48*2, 
43-7, 42-8, 40-6, 40-1, 381, 34-4, 300, 24-2, 12-8; and it may be 
remarked that some of these did not break at the small hardened 
part, but across the soft and broad part of the plate, as attested by 
the specimens exhibited. Several of these pieces, when under heavy 
strains, were repeatedly struck with a rivet hammer, causing the whole 
to vibrate, which proved that they were not only hardened, but 
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toughened by tlie treatment; and still further to test this important 
point, the strain in two instances was temporarily removed, by raising 
the weights. The plates were thus bent in the middle, but sprung 
back on being allowed to do so. 

163. A few experiments followed on rivetted joints. Eight of the 
plates were in the usual soft state, and six hardened. The pieces 
were all cut from one plate '190 inch thick, and rivet steel, by 
the same maker, was used. The soft plates, with rivets '56 inch in 
diameter, broke across at the rivet holes in two instances, with a loss 
compared with the solid plate, of 45*6 and 43*5 per cent; whilst the 
hardened plate, with rivets 'Q% inch in diameter, and with a load only 
15*9 per cent, less than that borne by the soft whole plate, had one of the 
rivets cut through the middle — the comer of one plate breaking off left 
the other rivet in the remaining whole piece. Five of these experiments, 
with rivets 43 inch in diameter, were compai'atively lost, from the rivets 
being too small, although larger than those used for iron plates of 
the same thickness. These are to be considered as mere preliminary 
experiments, and are only given sis such. They are, however, suffi- 
cient to show that the hot rivets do not reduce the strength, by 
affecting the hardness of the plate, which was all they were expected 
to prove. It will thus be observed that plates hardened in oil, and 
joined together with rivets, are fully equal in strength to an unjointed 
soft plate ; or, in other words, the loss of strength by rivetting is more 
than counterbalanced by the increase in strength by hardening the 
plates in oil. Although scarcely in place here, it may not be con- 
sidered unimportant to state the amount of strain required to shear 
or cut through the rivets, compai'ed with that required to pull the 
bar asunder in the direction of its length. The breaking weight of 
the bar of rivet steel employed was 86,450 lbs. per square inch of area, 
and the mean strain required to shear the rivets was 63,796 lbs. per 
square inch, or 26*2 per cent, less than that needed to pull the bar 
asunder. This was the mean of the seventeen rivets sheared; the 
highest sustained a strain of 66,207 lbs.; the lowest, of 61,744 lbs. 

164. Table N, 1051-1080, are a series of iron bolts, " case-hardened, 
which will only be briefly noticed here, as they were prepared princi- 
pally for their fractures, as mentioned (123, 140), Sections X., XI. It 
may, perhaps, excite surprise that they should have broken with a 
less strain than formerly, when wholly iron; but the writer thinks he 
has satisfactorily accounted for that difference also in the manner 
already described (123); the superior tenacity of the small proportion 
of steel being more than counterbalanced by the gi'eater ductility in 
the remaining portion of iron. Four of these bolts were heated and 
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cooled in oil, and the four corresponding ones in water; the former 
were considerably this strongest Reference letters in description 
column mark those in the case-hardening furnace for the same length 
of time, which varied from 14 to 116 hours; but as the heat also 
varied, no exact comparison can be made. 

165. The following remarks refer to the effects produced, as regards 
the breaking weight and contraction of area, by subjecting iron to 
various kinds of treatment : — Bowling 1045-1050, Table N, were forged 
down off the same bar as 127, Table B ; 1045, highly heated, and sud- 
denly cooled in water, bore 76,839 lbs., and only contracted 34*5 per 
cent, instead of 51*0, Mdth 60*817, as previously, when merely turned 
down, proving that the iron was made much harder by the treatment. 
1047, similarly treated, but not so hard, contracted 44*7 with 71,538; 
1046 broke with 71,963 on account of a rent or flaw in the specimen, 
as indicated by r, in column 12. 1048, cooled in oil, contracted 25*7 
with 65,934; 1049, 41-6 with 63,341; 1050, cooled in tar, 40-5 with 
62,864. 1045 bore 76,839, or nearly the highest strain obtained from any 
piece of iron during the experiments, and was referred to (146) under 
" elongation" in preceding Section. We will next refer to specimen 
1100, which bore the lotoest strain, viz., 28,578; it was cut crossways 
out of crank-shaft A, was highly heated, and quickly cooled in water 
like the last, but it snapped very suddenly, with a peculiar creaking 
noise, quite different from any of the others; 1101, with the same 
treatment as 1100, but cut lengthways out of crank-shaft B, bore 
53,331, or nearly twice the strain of 1100, and equal to 20*3 per cent, 
more than that borne by the piece next to it in the shaft, but which 
was turned down and tested without having been heated. This addi- 
tional strain, however, is due to increased hardness, for the contraction 
of area was only 190 with 53,331, instead of 24-3 with 44,311. The 
hardening effect produced by cooling in water is likewise shown in bolts 
cut out of armour-plate; 1103 contracted 4-0 per cent, with ^^fiS2, 
and 1104, 4-0 with 36,147, instead of 5-9 with 34,614, as stated in 
Table B. 

166. In order to ascertain how much the iron, as it existed in the 
crank-shaft, would be improved with additional hammering out, three 
blocks, If inch square, were forged down to IJ diameter, and then 
turned to 1 inch; results as follows:— 58,518, 50,906, 49,908, con- 
tracting respectively, 17*2, 7*9, 9*8 per cent. ; corresponding two 
pieces merely turned down (294, 295, Table B), 44,578, contraction 
12*5. Reference to the foregoing bolts have ah*eady been made (128) 
under "appearance of fracture," Section X. 

167. Table N also cont9,ins five bolts, whose collars having failed at 
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the first trial, were replaced, and again' tested ; the strain at which they 
broke was, with one exception, less than that previously borne without 
rupture. It will, however, be observed that the limit of the specimen's 
tenacity was nearly reached at the first trial, and the effect of subse- 
quent re-heating was greatly to soffcen the iron, as proved by the 
contraction of area. Thus, Govan R Best was 46*4 with 67,635, 
instead of 28*9 with 62,849, the mean of 4 bars, same brand and size; 
Lowmoor, 551 with 59,320, and 56-0 with 57,381, instead of 531 
with 61,798; Famley, 55-1 with 57,502, and 62*8 with 46,842, 
instead of 50*6 with 62,886. 

168. Some experiments were tried to determine the effects produced 
by subjecting iron, rolled in the ordinary manner, to the additional 
process of " cold-rolling ;" and to the results, as regards the strength 
and contraction of area, attention is now directed, reference having 
previously been made in Section X. (123) to the altered appearance of 
the fractures. Table O contains the experiments on "Blochaim 
Best" boiler-plate; lengthways, "cold-rolled" contracted 2*5 per 
cent, with 88,993 lbs. breaking strain; cold-rolled and afterwards 
annealed, 13-6 with 50,960; in the ordinary condition, 14*3 with 
45,812: crossways, in the same order, 0*0 with 80,643, 7*2 with 
48,674, and 7*7 with 43,020. These "cold-rolled" pieces were ex- 
tremely hard, as shown by the above figures, and by the strips splitting 
when being cut off at the shearing-machine, also by the broken pieces 
punched out for rivet holes. Table N, 1081-1090, comprises the 
experiments on " Blochaim Best " bar; 7 pieces " cold-rolled " varied 
fi-om 26-8 with 78,466 to 39-3 With 68,718, mean 36-3 with 74,948; 
2 pieces cold-rolled and then annealed, 45*2 with 62,285, and 
47-6 with 56,477; 1 piece in usual state, 43-1 with 60,637. The 
shackles shown at fig. 6, Plate I., were used with conical steel wedges 
to grasp these specimens, instead of forming heads in the usual way, 
as of course they could not be heated for that purpose. It will be 
noticed that the greatly increased strain borne by the pieces after 
being cold-rolled by Mr. Lauth's patent process, was consequent on 
the iron becoming very much hardened by the treatment. In a printed 
repoi-t by Dr. Fairbairn, the results of three experiments by him are 
given, viz. : — ^black bar from the rolls, 58,628 lbs. per square inch; 
bar turned down to one inch diameter, 60,746; bar rolled cold to one 
inch diameter, 88,230. The elongation in ten inches being, respec- 
tively, 2-00 inches, 2*20, and 0-79. " The first bar was broken in the 
condition in which it came from the iron manu&cturer; the second 
was a similar bar turned in the lathe ; and the third had been sub- 
jected to Mr. Lauth's process of cold-rolling. It is obvious that the 

p 
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effect of the consolidation in the last case i^as to increase the strength 
of the bar in the ratio of 10 to 15.'* Dr. Fairbaim does not attribute 
the difference to the iron becoming hardened, as stated above, but 
to the " consolidation of the metal" That, however, cannot be the 
cause, as the iron is not consolidated by the process, as might seem 
to be the case from the smooth and greatly improved appearance of the 
surface, but, in reality, quite the reverse, as will be proved in the 
remarks under "specific gravities," Section XVIII. Subsequent 
experiments by Mr. J. Daglish on the strength of iron wire (which in 
its manufacture undergoes a somewhat similar operation as that of 
cold-rolling) confirms the accuracy of the writer's experiments given 
above. He found that whilst wire (No. 11 wire-gauge) held 914 lbs. 
when in its ordinary state, it only held 508 lbs. after being heated to 
redness and cooled. Keference will again be made to these experi- 
ments in Section XYIII. 

169. Nos. 1117-1120 in Table fs| have been already noticed in 
Section YIII. (69); 1094, 1095 will be remarked on under "welded 
joints," Section XYL; and 1091-1093 under "suddenly applied 
stiuins," Section XYII. The results of some experiments to ascertain 
the effects of the process of galvanizing or tinning on iron plates are 
given in Table O, Nos. 1121-1134, firom which it will be observed 
that no effects were produced on plates of the thickness experimented 
on. The consequences, however, might have been different had the 
plates been extremely thin. 

XIY. Effects of Alterinq Shape of Specimeks. 

170. The experiments under this section have already been referred 
to and described in remarks on the appearances of fractured iron. 
Section X. (122), and illustrated in Plate XY. Having been made, 
however, for a twofold purpose, attention is now solicited to Table P, 
which contains the breaking strain and corresponding contraction of 
the area of the same bars» under three conditions, viz., -4, after being 
grooved ; B, after being reduced to the same diameter as the grooved 
part; C, original rough bar. The breaking strain per square inch is 
given in column 5, and the per centage of difference between original 
and fractured areas in column 12. In this table the highest breaking 
strain was borne by Govan hammered bar, viz., A, 98,737; B, 71,741 ; 
C, 71,798. The lowest was Port-Dundas Ex. B. Best, viz.. A, 60,622 ; 
B, 49,111; C, 44,584. The softest iron in this series, or that which 
contracted most, was Bowling, viz.. A, 27 '84; By 55-56; C, 56-44; the 
hardest was Dundy van, viz., A, 000; B, 8 03; C, 3-88. The relative 



EffecU of Altering Shape of Specimens. 75 

positions of the various specimens under these heads are indicated by 
the figures in columns 6, 7, 8, and 13, 14, 15. 

171. It will be observed that the grooved pieces, Ay invariably bore 
the highest comparative strains, and also that they invariably con- 
tracted least The greater comparativia strain borne by the grooved 
pieces is thus fully accounted for, and, at the same time, additional 
testimony is furnished as to the necessity of always comparing the 
breaking strains jointly with the contraction of area as enforced in 
Section VIII., paragraphs 52-54 Those remarks were intended to 
show that many of the specimens would have borne a much higher 
breaking strain than they did, were it not for the reduction in their 
ai*ea, owing to the softness of the material. The experiments now 
under review, it is submitted, are conclusive proof, if such is needed, 
of the correctness of those statements, as they show that by simply 
changing the shape of the specimens, so as to interpose an obstacle 
to their drawing out, a much higher breaking strain was obtained 
The writer, in the concluding observations. Section XIX., will consider 
the use that may be made of the facts elicited. 

172. Govan hammered bar, 1201, when grooved, as shown full size 
in Plate XY., only contracted 13*77 per cent, with the high breaking 
strain of 98,737 lbs. per square inch, whereas the same piece of iron, 
1202, turned down to exactly the same size, but uniform in diameter 
for 3^ inches of its length (instead of barely one-eighth inch, as in the 
former), contracted 36*02 with a strain of 71,741 lbs. Thus the former 
bore 26,996 lbs., or 37^ per cent, more than the latter, caused sddy hy 
ihs difference in the shape. The following figures exhibit the extent of 
this variation in all the pieces tested,— 37^, 29|, 19^, 26^, 23^, 20f , 
13^, 6|, 6^, 13^, 22^, 11^, 23^, 6^,— the mean of the whole being 
18*63 per cent, in fiivour of the grooved specimens. The amount of 
breaking strain borne by a specimen is thus proved to be materially 

.^ affected by its shape — an important influence hitherto unascertained, 
and even unsuspected by any one, to the best of the writer's knowledge. 
This is one instance, out of many, that could be produced to show the 
absolute necessity (and the remark is applicable to many other subjects 
besides that of the present treatise) of correctly knowing the exact 
conditions under which any tests are made before we can equitably 
compare results obtained from different quarters. From the above - 
facts it must surely be evident that we cannot judge of the merits of 
two pieces of iron or steel by comparing their breaking strains, when 
one of them was of uniform diameter for some inches of the length, 
and the other for only a very small portion. 

173. The following numerical results of some experiments with the 



76 ' Eosperiments on Wrotight-Iron and Sted, 

testing machine in Woolwich Arsenal on Bessemer's Steely under the 
direction of Colonel Wilmot, ai-e given by Dr. Fairbaim in his treatise 
on Iron, viz., 162,974, 162,970, 158,899, 156,862, 146,676, 145,512, 
136,490; mean breaking strain, 153,677 lbs. per square inch. Now, 
let us examine the results on Bessemer's Steel in Table A, 27-34. 
The mean of eight trials is 111,460 lbs.; the highest, 123,165; the 
lowest^ 103,255. If we venture to compare the mean results of the 
two series, we find the startling difference of 42,217 lbs., or 37| per 
cent, of higher breaking strain exhibited in the Woolwich experiments 
as compared with those instituted by the writer. Some individuals, if 
they happened to make the comparison, wotdd hastily conclude that 
one of the machines nrnst be wrong, and, doubtless, their verdict would 
be in £a,vour of the Government one. The question may, perhaps, 
however, assume a new aspect if we inquire into the shape of the 
specimens used in both cases. Dr. Fairbaim gives no particulars 
regarding the form and dimensions of those referred to by him; but, 
fortunately, we have the desired information from another source. 
The Engineer, 3d Jan., 1862, contains "An Account of Experiments 
on Puddled Steel, Homogeneous Iron, and Steel Iron, made in Her 
Majesty's Arsenal at Woolwich," by Mr. W. H. Barlow, who states 
that the machine "is a counterpart of that employed by the United 
States Government for ascertaining the strength of cast-iron." He 
also states — "The very short length of the samples which the machine 
is capable of receiving, in ap^dying tensile and compressive strains, 
renders it impossible to arrive at correct conclusions from them in 
respect of the amount of extension and compression per ton per inch." 
The form of specimens is represented, half-size, in a wood-cut similar 



<--"lffm. Diam. > 



V 



to the one here given, from which it will be observed that the minimum 
diameter of the specimen occurs at one point only, and, consequently, 
it presents a stiU more favourable form for resisting a tensile strain 
than even the grooved ones of the present series, which, for the 
reasons already stated in Section X. (121 and 122), were purposely 
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made with square edges (as shown in Plate XY.), to render them 
more liable to snap. Having ascertained the shape of the Woolwich 
specimens^ let us now turn to that of the others^ by referring to Plate 
I.^ fig. 5, for their representation, to Table A, column 1, for their 
minimum diameter, and to column 20 for the original length of that 
part which, in this case, is stated to have been 6*8 inches. Having 
now discovered that a still greater difference in the shape exists 
between the two sets of specimens now in question than even in 
those mentioned in preceding paragiuph, which was proved so 
materially to affect the results, the writer thinks no difficulty need 
be experienced in accounting for the startling discrepancy between 
his experiments and those made in the Eoyal Arsenal. The following 
results were obtained by Mr. Barlow from five samples of each, viz. : — 

Puddled Steel by Naylor and Yickera, . 188,054-100,981, mean, 116,336 

Do., melted and cast, Do., . . 124,492- 84,652 „ 101,758 

Homogeneous Metal by Firth & Co., . 116,138- 88,640 „ 100,994 

Puddled Steel from the Meney Works, . 109,117- 84,152 „ 95,288 

Steel lion tnm the Atlas Works, . 71,158- 67,487 „ 69,456 

A similar striking difference will be found if we compare the Mersey 
Co.'s puddled steel, referred to here, with that in Table A, 69-74; 
the mean in the one is 95,233, in the other, 71,486; difference, 23,747; 
or 33*22 per cent, of higher breaking strain. We are unable to com- 
pare any of the other four lots, as either the name of the material or 
maker is different from any of those in Table A, nor is it necessary, as 
the two instances adduced will be sufficient evidence to prove the 
necessity of knowing that the shape of the specimens correspond, 
before attempting to compare results obtained from different quarters. 



XV. Comparative Strength op Screwed and Chased Bolts. 

174. On the subject of the strength of locomotive boilers, Mr. D. K. 
Clark, in the recent supplement to his truly valuable treatise on RaUway 
Machmeryy refers to some experiments by Mr. Brunei on screwed bolts 
and nuts of Coalbrookdale iron, and states that the breaking weight per 
square inch of bolts \\ inch diameter was 23*2 tons (51,968 lbs.); 1 inch, 
25 tons (56,000); | inch, 27 tons (60,480); g inch, 32 tons (71,680). 
He says, — " It is remarkable that the relative strength of the bolts in- 
creases as the size is reduced. Thus |-inch bolt«, having only one-fourth 
of the sectional area of IJ-inch bolts, are proved to have more than 
one-third the breaking weight; otherwise, the strength rises from 23 2 
tons for 1 J-inch bolts to 32 per inch for |-inch bolts. Here lies a new 
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field of operation for experimentalists; meantime^ we suppose we maj 
hazard the explanation that the smaller rods are proportionallj the 
stronger^ for the same reason that bars are sti'onger than boiler-plates, 
because they are more thoroughly ix>lled down. That the screwing of 
a bolt should reduce its tensile strength seems certain. How much? 
The bolts were not proved to show this, and an estimate can only be 
formed upon the results of four bolts, of which the shank was l^J; dia- 
meter and the screwed part 1^ inch. The mean breaking weight was 
31^ tons, the bolts filing in the shank, equal to 25*2 tons (56,448 
lbs.) per inch of section. Thus, the extra size of the screwed part 
added 2 tons (4,480 lbs.) per inch to the strength of the bolt j and, 
inversely, it may be inferred that the screwing of 1^-inch bolts deducts 
8 per cent, of the strength of the entire bolt The deduction may 
amount to 10 or 12 per cent, for smaller bolts." 

175. It is evident from the above quotation that there has existed 
the want of sufficient ascertained data on the subject of this section, and 
it is hoped that the contents of Tables Q and R will prove acceptable 
in supplying this deficiency. The pitch of screw and depth of thread 
of the various sizes tested were all according to the Whitworth gauge, 
being that adopted by the Admiralty for all the engine bolts required 
for the Royal Navy, and now generally recognized as the standard. 
Both ends of the bolts were screwed, as shown with the testing shackles 
in ^g, 6, Plate I., and loose collars were used to suit the different 
diameters. 

176. Keference to Table Q has already been made (123) when re- 
marking on the appearance of the fractures, and attention was called 
to the difference produced in the fractures fix)m using old and new 
dies in the screwing of the bolts. It is now wished to direct attention 
to the also somewhat singular difference in the breaking strain of the 
two sets respectively. After a very careful examination of the bolts 
no difference in shape or size could be detected; the diameters both at 
top and bottom of screw-thread corresponded exactly; all the bolts were 
screwed by one person, without any more care being taken than usual 
in their preparation; the two machines were likewise of similar con- 
struction, and by the same makers, the only difference being that the 
one had been in constant use for some years, while the other was 
nearly new. It is submitted that this difference in the dies had the 
effect of considerably hardening the surface of the iron when the old 
and blunt ones were used, and only slightly when the new dies were 
employed, the formation of the screw-thread in the latter case being 
more due to cutting out than in the former. The correctness of this 
conclusion was further confirmed by taking other pieces off the same 
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bai-s, and "chasing" or cutting the screw in a "self-acting lathe," 
■where, as there were no dies employed, there could be no hardening 
effect; and on referring to Table Q it will be seen that these bolts bore 
still less, though the difference was but slight, than those operated upon 
by the new dies ; the per centage of this difference being for o Govan o 
2-55, Glasgow B. Best 3-92 and 4-46, Bagnall « J B 829, or an avei> 
age of 4-81. Lowmoor 1-inch bolts, screwed with the old dies, broke 
with 55,158 lbs. per square inch; whereas those screwed with the new 
broke with 42,647, or 22*6 per cent, less; Glasgow B. Best 1 inch, 
old dies, broke with 45,294; new dies, 38,856, or 14 '2 per cent, less; 
Glasgow B. Best | inch, old dies, 51,101; new dies, 43,600, or 14*7 
less; and o Gbvan o | inch, old dies, 53,S55; new dies, 47,846, or 
11-2 less; the mean difference of the whole being 15*7 per cent, less 
with the new than with the old dies. 

177. Let us now compare bolts of various sizes, to find if there can be 
such a vast difference in the comparative strength of l^inch and |-inch 
bolts as in those referred to by Mr. Clark, o Govan o 1^ inch, new 
dies, broke with 45,911 per square inch; | inch, 47,846; difference, 4*21 
per cent in favour of the latter; the same bars unscrewed brokie, respec- 
tively, with 57,598 and 58,199 ; difference, 1 -04 per cent. Glasgow B. 
Best IJ inch, 41,161; | inch, 43,600; difference, 5*92 per cent.; the 
same bars unscrewed, 54,579 and 59,300; difference, 8*65. The mean 
difference between 1^ and | inch, in the present series, amounts with 
o Govan o to 4*21, and with Glasgow B. Best to 5-92, or only an 
average of 5*06 in favour of the smaller size, instead of the enormous 
difference of 38*0 per cent, as in the quoted experiments. A part 
of this difference might be accounted for by supposing the proportions 
of the depth of the screw-thread to the diameters had not been so 
nicely proportioned in BruneFs experiments as in the present; that 
the dies of the l^inch might have been sharper than those used for the 
|-inch bolt& It is to be r^retted that the strength of the same bars 
unscrewed had not at the same time been ascei'tained, as there might 
have been a greater difference in the quality of the iix)n forming these 
two sizes than was proved to be the case in the present series; yet, 
notwithstanding, it seems scarcely possible that there really could 
have been such a difference as that stated. The suspicion of an 
essential error pervading these experiments is materially strengthened 
by the circumstance that whilst the |-inch bolt is reported to have 
borne a strain of 32 tons per square inch, the j-inch bolt bore a strain 
of 27 tons. According to this statement, then, we find an increased 
breaking strain of 5 tons in the |-inch above the j-inch bolt. Such a 
rapid increase is quite incredible, more especially when we find th^ 
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f-inch bolt bearing an additional strain of only 2 tons above that of. 
the 1-inch bolt. 

178. In Table Q^ column 13, the amount of reduction in the strength 
by screwing is individually stated for the whole of the 180 bolts 
experimented upon in per centage of the original bar; the mean of 
the various lots is shown in column 14, and the equivalent diameter 
of an unscrewed bar of the same quality in column 16. 

179. Each piece forming lot 1406-1420 was tested three times^ the 
broken end only being re-screwed. The order in which they were 
tried is shown by figures in description column. The highest results 
were obtained in two cases at the first trial, in one case at the second, 
and in two at the third; the lowest, in two instances, occurred at the 
third, one at the second, and two at the first trial, showing that the one 
screw was not necessarily injured with the strain that broke the other. 

XYI. Relative Strength of Welded Joints. 

180. The experiments made to ascertain the strength of welded joints 
wiU be found fully detailed in Table 8. The pieces were cut through 
the middle, and then scarfed and welded in the ordinary manner by 
the same smith who prepared the bolts for the other experiments, and 
a few by a chain-maker, for comparison. The results varied greatly, — 
fourteen, as operated on by the smith, show a loss, compared with the 
original whole bar, from 41 to 43*8 per cent, the mean loss being 20*8 
per cent. ; four by the chain-maker, from 2*6 to 37*4; mean, 15*1 per 
cent. Of the former, four broka solid, away from the weld; eight, 
partly through soKd portion and partly at the weld ; two separated at 
the weld. Of the latter, two broke solid, one broke partly solid and 
partly at the weld, and one gave way at the weld. It will be noticed 
that different sizes and also different qualities were used, but the results 
were alike uncertain, and are further proof of the correctness of the 
following observations by the distinguished engineer, James Nasmyth, 
Esq., which appeared in The Engineer y 8th March, 1861, a considerable 
time after the experiments were made :— - 

"Of all the processes connected with the working of malleable- 
iron there is none that has a more intimate relation to the security of 
life and property than that of 'welding,' or the process by which we 
are enabled to unite together, in one mass, the several portions of 
maUeable-iron, of which the generality of works in that material are 
formed. Every single link in a chain-cable, every wheel-tyre in a 
railway train, directly owes its trustworthiness to the manner in which 
the process of welding has been performed, in so far as that any imper- 
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fection in any one single member of the set of cable links or railway 
wheel-tyres may involve a most fearful loss of life, of which, of late 
years especially, we have had such distressing and melancholy expe- 
rience. 

" It is with the most earnest conviction of the vital importance 
of the process of welding, by reason of its close relation to the security 
of life and property, that I am anxious to offer a few remarks, based 
on long and intimate acquaintance with the process in question, and 
on those conditions that conduce to its perfect performance, which 
remarks, I am fain to think, if read with due care and consideration 
by those who are more specially concerned with the practice of the 
process of welding iron, may in no small degree tend to render less 
frequent those fearful and distressing catastrophes of which recent 
records of ship and railway disasters furnish such sad evidence. 

"In order to render more clear the following remarks as to the 
cause and most certain means of the prevention of defective welding, 
it may be as well, at the risk of a little tediousness, to explain the 
nature of the process of welding iron, which consists in inducing upon 
malleable-iron, by means of a very high heat, a certain degree of 
adhesiveness, so that any twa pieces of malleable-iron, when heated to 
the requisite degree, will, if brought into close contact, adhere or stick 
together with a greater or less tenacity, according to the amount of 
force applied to urge them into close contact. .... 

" It is, therefore, to the means of thoroughly expelling this vitri- 
fied oxide from between the sm^&ces of the iron where the welded 
junction is to take place that we must direct our attention; for so long 
as any portion of this adhesive viscid substance is permitted to exist 
and interpose itself between the surfaces we desire to unite by welding, 
no sound or trustworthy junction can take place, and once it has made 
a lodgment no afber-heating or hammering, be it ever so severe-, will 
cause its thorough expulsion. It is, therefore, to the thorough expul- 
sion of the vitreous oxide in the first stage of the welding that we 
must direct the most careful attention; and it would, in no small 
degree, tend to bring to an end those fearful accidents of which defec- 
tively-welded iron-work is so fertile a cause, if all those who are 
specially and practically concerned with the superintendence of work- 
men entrusted with the performance of this vitally important process 
would see to the use and practice of the truly simple means which I 
am about to describe 

" As I have before said, the chief cause of defective welding arises 
from portions of the vitreous oxide of the iron being shut up 
between the surfaces at the part presumed to have been welded, and 
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that, besides the impossibility of asoertaiDing, in the majority of cases, 
after the process of welding has been gone through, whether or not 
this vitreous oxide has been thoroughly expelled, and the sur&ces at 
the welding brought into perfect metallic union, and that no after- 
heating or hammering can dislodge the vitreous oxide when once it 
has effected a lodgment, our best and only true security is to form 
the sur&ces of the iron at the part where the welding is desired to 
take place, so that when applied to each other, when at the welding 
heat, their Jirst contact unth each other shall he in the centre o/each,*^ 

181. Table S also contains two steel bars welded at the makers* 
works, the result still more unsatisfactory, — one showing a loss of 
45-0, the other 59*6 per cent. ; whilst other two parted at the weld 
during the operation of forming the heads, previous to testing. It 
was mentioned under '^ preparation of specimens " (15), that at the 
commencement of the experiments several attempts were made to 
form heads on the steel specimens, in the same manner as on the iron, 
by welding on rings; but as they either ^Euled at the weld, or the steel 
was found to be burned, that method was abandoned. 

182. With the view of ascertaining the effect of heating iron to the 
welding point, and then allowing it to cool slowly without being 
hammered, an experiment was made with a bar of Glasgow B. Best, 
the results of which are stated in Table N, 1095. Although its 
breaking strain was nearly the same as that borne by another piece, 
1094, off the same bar, in the ordinary condition, yet it will be found 
that the ductility of the iron had been injured by the high tem- 
perature and want of hammering; for we find that instead of 42*2 
per cent, it only contracted 27*8, or 34 per cent less than the latter. 

XVII. Suddenly Applied Stbains. 

183. In all the preceding experiments the weights were appHed 
gradually until rupture took place. The writer now wishes to direct 
attention to another series, in which the weights were applied sud- 
denly. Before remarking on the results obtained, it will be proper to 
explain the mode of operation in so far as it varied from that already 
described in Sections II. and Y., in relation to the other experiments. 
The same testing apparatus was employed, but the tn^er represented 
in Plate XYL was substituted for the rope sling r,6g. 1, Plate I. 
The steelyard was raised to the required position, as before, by means 
of a crane, from the chain-hook of which hung the trigger; but 
instead of lowering the crane-chain, after fixing the specimen in the 
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machine, it was kept stationary. When the required number of 
weights were attached to the end of the steelyard, the screw I, Plate I., 
was turned round so as to bring a slight strain on the specimen, and 
then, by a sudden pull of the rope from the trigger, the steelyard was 
disengaged, and consequently the whole weight instantaneously trans- 
ferred, without jerk, from the crane-chain to the specimen. The 
numerical results will be found stated in Table T, column 12 and 13 of 
which contain respectively the index number and the breaking strain 
when gradually appHed, column 4 the amount of strain which was 
suddenly applied, and column 14 the amount of sudden strain ex- 
pressed in per centage of gradual strain; whilst the remarks in 
column 15 show whether the load caused the breakage of the specimen 
or not. 

184. In Section X. (124) the writer has remarked on the change in 
the appearance of the fractures as one of the effects produced by the 
strain being suddenly instead of gradually applied, and he now directs 
attention to the other effects produced. 

185. In order to ascertain the amount of strain just sufficient to 
produce rupture, experiments were made with various loads; in some 
the load was more than sufficient, in others less. If we extract from 
Table T the lowest strain that caused rupture, and the highest strain 
which the specimen bore without breaking, and then take the mean, 
we shall obtain approximately the amount of strain desii*ed : thus 
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The average of the whole is 81*5, or a less strain by 1 8*5 per cent, 
than that borne when the strain was gradually instead of suddenly 
applied. 

186. Some persons objected to the writer's mode of applying the 
weights in the former experiments, on the allegation that the speci- 
mens would have borne more if the weights had been ven/ quvMy 
a/ppLied, It was somewhat difficult to understand the bearing of such 
an argument, but he was nevertheless perfectly willing to test the 
truth of the statement by actual experiment. Under the supervision 
-of the gentlemen in question, a beam-scale was accordingly substituted 
for the chain and hooks (shown in Plate I.), into which a number of 
weights were placed, the lever was then raised to the height they 
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deemed sufficient, and the specimen having been properly placed, the 
crane was lowered, causing the specimens in some instances to break 
at once, in others, on more weights being quickly added. The writer 
supposes the results were considered very saliafcictory; at least, he 
heard no more objections as to his mode of applying the weights; in 
fact, they were only additional confirmatory evidence of his experi- 
ments on '^suddenly applied strains," made more than two years 
previous. We may also revert to Section XII. (143), where it was 
shown that the little additional time required in testing the speci- 
mens had not acted injuriously, as some seemed to imagine, in lessen- 
ing the amount of their breaking strain. 

187. We will now compare the respective effects of a sudden and 
gradually applied strain as regards the. contraction of the specimens* 
area: 

Sadden. OradaaL 

Load, 108*6 Contracted 65*1 inatead of 60*3 difference 6*2 
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188. It was shown (124) that the variations in the appearances of 
the fractures under sudden strains fiilly coiToborated the accuracy 
of the former experiments under gradual strains, and if we examine 
the results as regards the contraction of area, we shall find that they 
also are confirmatory of the accuracy of both sets of experiments. 
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although they may appear in some respects antagonistic. Thus, it is 
submitted, the great difference which occurs in Glasgow B Best, 1530 
and 1531, viz., 28-9 and 29-6 per cent, was due to the per centage 
of the load, viz., 93*8 and 94-5, being greatly in excess of that just 
sufficient to cause rupture. The specimens accordingly broke very 
suddenly, without having time to contract in area. In proof, take 
other two pieces, respectively from the same bars, viz., 1529 and 1534, 
with loads equal to a per centage of 83-7 and 81-8; the difference is 
only 8-5 and 4*6, instead of 28*9 and 29*6. Again, if we take another 
piece, viz., 1524, with a strain just sufficient to break it, viz., 78-6 per 
cent, of its breaking strain, when gradually applied, we find it 
contracted 43*8 per cent, or exactly to the same extent as formerly. 
Although Bradley ® 1501 was loaded fully a quarter more than that 
sufficient to cause rupture, yet, owing to the superior fineness and 
softness of the material, it drew out most beautifully, and yielded a 
result, in the contraction of area, only slightly less, viz., 55*1, instead 
of 60*3, formerly obtained under the strain when gradually applied. 

189. Frost being considered to act injuriously on the strength of 
iron, some experiments were made during the severe weather in Dec., 
1860, to ascei'tain its effects. A bar of Glasgow B Best, j inch 
diameter, was converted into ten bolts, in the ordinary way, six were 
exposed all night to intense frost, and tested in the morning with the 
thermometer at 23° Fah, The other four were kept in a warm place, 
and carefully protected during testing. Three were tested with 
gradual, and seven with sudden strains; Tables N and T contain 
respectively the results. On referring to Table N, 1091-1093, it wiU 
be found that when the strain was gradually applied there was very 
little difference between the specimen tested in the ordinary condition 
and the two that were frozen; the former bore 55,717, the latter 
54,385; difference, 1,332 lbs., or 2*3 per cent. less. The difference 
under sudden strains is somewhat greater, viz., 3*6 per cent, less when 
frozen. The load just sufficient to cause rupture was in the one case 
somewhere between 50,835 and 49,948; in the other, between 
49,060 and 48,109; the mean in the one instance being 50,391, in the 
other, 48,584; difference, 1,807 lbs., or 3*6 per cent. The writer 
regrets that other duties prevented him from carrjdng out his inten- 
tion of repeating these experiments with bars of various qualities. 
It will be noticed that the bar tested happened to be of superior 
quality; had it been of a coarser description, the difference when frozen 
might have been much greater. The frozen bolts were coated with a 
thin layer of ice, for the purpose of better observing the effects pro- 
duced. In specimen No. 1093, Table N, with strain slowly applied. 
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the ice gradually became opaque and white, and just before breaking 
it resembled hoar frost In No. 1542, Table T, under sudden strain 
the ice remained transparent, and the instantaneous stretching of the 
specimen was most beautifully exhibited by the ice cracking and 
forming a series of complete rings. In No. 1539 the strain was 
greater than in the last, and caused the rupture of the specimen; the 
heat thereby generated was apparent by the ice melfcing, and in the 
formation of vapour. 

XVIII. SpEoinc Gbayities. 

190. The specific gravity of the various specimens contained in 
Table U were ascertained by carefully weighing them first in the air 
and then in water, and dividing the first weight by the difference; 
thus. No. 1601, when weighed in the air, was 12,230 grains, when in 
water, 10,654*5 grains; then 12,230 -=- 1575*5 (the difference or loss 
in weight) = 7*7626 specific gravity of that specimen, water being 
1 *0000. The water employed was not distilled, but from Loch Katrine, 
which is so free from foreign matter that, for practical purposes, it 
may be regarded as pure. Its temperature was kept uniform at 60 
degrees, and a very fine wire was used for suspending the specimens. 

191. It will be observed, on looking over Table U, that the specific 
gravity generally indicates pretty correctly the quality of the speci- 
men. In the pieces that were weighed the specific gravities were 
found to range as follows : — 



Steel Ban, rolled, bighesl 


i 7*8303, 


lowest 7*6698, 


mean 7*7677, 


nnmber 16 


Steel Plate, „ 


» 


7*8280, 


99 


7-6287, 


99 


7-7670, 


99 


16 


Iron Bars, fbreigii. 


»» 


7*8088, 


99 


7*7206, 


99 


7-7764, 


99 


10 


Iron Bars, rolled, 


»» 


7-7626, 


99 


7-6333, 


99 


7-6623, 


99 


48 


Angle-Iron, „ 


»i 


7*7310, 


99 


7-5297, 


99 


7-6006, 


99 


10 


Iron Plates, „ 


>9 


7*7419, 


99 


7-6006, 


99 


7-6287, 


99 


26 




99 


7*6685, 


99 


7-6077, 


99 


7-6307, 


99 


6 


IronPUte, „ „ 


99 


7*6803, 


99 


7*6966, 


99 


7-6134, 


99 


2 


Iron Bar, „ „ 


99 


7*7652, 


99 


7-7630, 


99 


7-7641, 


99 


2 


Paddled-Iron, rolled, 


99 


7*5381, 


99 


7-2898, 


99 


7-4276, 


99 


8 



192. Dr. Kobison, in The Encydopcedia BriUmnica (vol. xx.,p. 756) 
remarks, " It is a very curious and inexplicable fact, that by forging 
a metal, or by frequently drawing it through a smooth hole in a steel 
plate, itfl cohesion is greatly increased. This operation undoubtedly 
deranges the natural situation of the particles. They are squeezed 
closer together in one direction, but it is not in the direction in which 
they resist the fracture. In this direction they are rather separated to 
a greater distance. The general density, however, is augmented in all 
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of them except lead^ which grows rather rarer by wire-drawing; but 
its cohesion may be more than tripled by this operation. Gold, silver, 
and brass have their cohesion nearly tripled; copper and iron have it 
more than doubled. In this operation they also grow much harder. 
It is proper to heat them to redness after drawing a little. This is 
called neaiing or am,nealmg. It sofbens the metal again, and renders 
it susceptible of another drawing, without risk of cracking in the 
operation." The writer's experiments on iron " cold-rolled," already 
referred to in Section XIII. (168), confirms the accuracy of the above 
statement in so far as regards the inci*ease in cohesion and in hard- 
ness. Dr. Robison, however, was in error in stating that "the 
general density is augmented;" and the similar statement by Dr. 
Fairbaim, that " the iron is consolidated " by the process, will now be 
shown to be incorrect in point of fact. The specific giuvity of a bar 
(1687) in the ordinary condition was 7 '6360; the mean specific 
gravity of four pieces (1690-1693) cold-rolled was 7*5824; that of 
two pieces of boiler-plate (1730, 1731) in the ordinary condition was 
7-5664; and that of two other cold-rolled pieces (1732, 1733) was 
7*5392. Instead of an increcbse we have a decrease in the specific 
gravity of 0-70 per cent in the bar specimens, and 0*36 per cent, in 
the plate specimens, produced by the process of cold-rolling. The 
writer will now give proof of this fact in another form, by comparing 
the cubic contents of a bar previous to and after undergoing the pro- 
cess, thus, — 

Ordinary state, diameter *825, area '5810, length 85*06, cable contentB 18*6168 
Cold-rolled, „ -764, „ -4584, „ 40-94, „ „ 187669 

We have here an increase in the hulk of this specimen of 0*1501 cubic 
inches, or 0*86 per cent. 

193. Just a year after these experiments on cold-rolled iron were 
made there appeared in The Enffineer, 1st Feb., 1861, a paper by 
Mr. John Daglish, " On the Cause of the Loss of Strength in Iron- 
wire when Heated." He refers to Dr. Fairbaim's experiments on 
cold-rolled iron, and quotes his opinion that the great increase in the 
tensile strength of this description of iron was owing to " the effect 
of consolidation," and that, when passed through a fire, " many of 
the pores, before consolidated, must be again opened, there arising 
a consequent diminution of the strength previously gained." Mr. 
Daglish proceeds to remark, " Ordinary iron- wire is drawn cold, and, 
passing through a similar process, may be considered to be similar in 
nature and structure to cold-rolled iron, and it is also spoken of by 
eminent authorities as becoming condensed and hardened after passing 
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a few times through the draw-plate, and that its greatly increased 
tensile strength is owing to this consolidation. 

" During late years much attention has been paid to the improve- 
ment of iron, not only by refining, de-carbonizdng, and re-carbonizing, 
but also by adding small quantities of chemical substances, and con- 
siderable success seems to have been attained; at the same time, in 
some cases, the quantity of foreign matter used is so minute as to 
create surprise at the extraordinary results stated to have been arrived 
at by its use ; and, again, careful analysis has proved that some excel- 
lent qualities of iron contain a considerable quantity of substances 
which were previously considered to be most prejudicial. Under 
these circumstances it will be intei-esting rightly to ascertain the 
cause of the great variation in the tensile strength of iron-wire afber 
heating, for it is still the same material, without any change in its 
chemical nature, or apparently in its bulk. 

" The generally received opinion of consolidation does not seem to 
the writer to be well founded. This ought to result, perhaps, to a 
greater extent, when the iron is treated in a heated and softened state, 
than when drawn or rolled cold and hard, for it is natural to sup- 
pose that it would be equally readily compressed when in the former 
state, and it has still to undergo the contraction of cooling, which 
exerts a far greater consolidating force than any merely mechanical 
method. 

" If there is any permanent expansion in cold-rolled more than in 
hot-rolled iron after being heated red, the specific gravity of the body 
taken afber and before ought to show it; and to find this the following 
experiments were made : — 

1. — Common Holled Iron. — A piece cut off a 3-inch rolled bar. 

Before healing, 7-600 7-649 

After heating, 7-602 7-654 

Increase, '002 -006 

2. — Common Rolled Iron. — ^A piece of ^-inch bar. 

Befim heating, 7-682 7-679 7-679 

After heating, 7-692 7-690 7594 

Increase, -010 -Oil '016 

3. — Common Boiled and Hammered Iron. — A piece cut off a 
large common bar, and reduced by hammering whilst hot 
to a J-inch rod. 

Before heating, 7*611 7-625 

After heating, 7-689 7-600 

Decrease, -002 -026 
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4.-r-Cominon Forged Iron. — Cut off a piece of forged iron, 
and reduced by hammering whilst hot to a ^-inch rod. 

Before heating, 7-787 7-756 

After heating, 7-696 7*787 

Decrease, -041 '019 

5, — Common Iron Wire, J-inch. 

Before heating, 7-650 

After heating, 7-669 

Increase, -Old 

6 — Round Hard-drawn Wire, ^-inch. 

Before heating red, 7-577 7-589 7*571 

After heatmg red, 7-555 7-580 7-559 

Decrease, -022 -009 -012 

7. — Common Steel Wire, |-inch. 

Before heating, ^ 7*810 

After heating, 7-814 

Increase, *004 

8.— Blistered SteeL 

Before heating, 7-829 7-827 

After heating, 7-819 7-819 

Decrease, -010 -008 

9.— Cast Steel. 

Before heating, 7-804 7-833 

After heating, 7808 7-838 

Tncrease, -004 -005 

" It appears from the above that heating does not alter the original 
specific gravity to the extent of more than 1 -300th, and although 
pretty regular for the same description of iron, it sometimes causes an 
increase and sometimes a decrease in the specific gravity of different 
qualities of iron, and no regular law is exhibited. 

"It will be observed that the specific gravity of hard-drawn wire 
(6 = 7*58) is less than that of forged iron (4 = 7*74), showing that 
in forging the iron is more consolidated than in drawing, although its 
tensile strength is much less. 

" In the former experiments a piece off-inch chain, made from a bar 
of carefully forged scrap iron (spec. grav. = 7*74), broke on a strain 
of 15 tons ; whilst similar chain, made out of a bar of best rolled iron 
(S C crown) (spec. grav. = 7*56), bore 24 tons. 

" It must be concluded, therefore, that * consolidation or condensa- 
tion' is not the cause of the greatly increased strength of cold-drawn 

G 
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wire, nor is the injurious action of red heat owing to * opening the 
pores/ but that these effects are owing to some change in the mole- 
cular structure of the iron, not accompanied by change of bulk, or 
otherwise sensibly apparent." 

194. It has also been imagined by some that the density increases 
when a bar is subjected to severe tensile strain, as, for example, by the 
late Robert Stephenson, Esq., who, in course of the discussion to which 
reference was made in Section X. (83-97), observed, — "It must be 
borne in mind that the section of the bar was diminishing, and its 
density increasing, during the stretching." The results of the writer's 
experiments to determine this point will be found in the table. The 
specific gravity of a bar of Bowling iron (1682) in the ordinary condi- 
tion was 7*7630; when reduced in diameter from 100 to 0*89 inch, 
by drawing out lengthways, the specific gravity* was found to be 
7*7093, or a decrease of 0*69 per cent. Lowmoor (1684) in its ordi- 
nary condition was 7*7470 ; when reduced from 1*00 to 0*91 inch its 
specific gravity was 7*6605, or a decrease of 1*11 per cent.; and in 
another piece reduced from 1 -00 to 0*89 inch it was 7 *6506, or a decrease 
of 1 -23 per cent. The specific gravity of Blochaim Best (1687) in the 
ordinary condition was 7*6360 ; when reduced from *83 to *78 inch it 
was 7*5829, or a decrease of 0*69 per cent. ; and in another piece 
reduced from '83 to -73 inch it was 7*5553, or a decrease of 1*06 per 
cent. It will be observed that in two cases the bars contracted to the 
same size, viz., *89 inch, but the decrease in the density was, in one 
case, 0-69, and in the other, 1*23 per cent. In the first instance the 
diameter contracted at one part only, whereas in the other the 
diameter was nearly uniform throughout the length. 

195. We will now proceed to compare the specific gravities of various 
sized bars, to ascertain if the rolling down whilst hot, in the usual 
manner, increases the density or not Glasgow B. Best, four pieces 
IJ inch diameter (1623-1626) yielded a mean of 7*6530; four pieces 
I inch (1619-1622) yielded a mean of 7*6578, showing a very slight 
increase. Go van o, four pieces 1^ inch (1605-1608) showed a mean 
of 7*7201 ; four pieces | inch (1609-1612) showed 7*6975, or adecreaae 
of 0*29 per cent. Being somewhat surprised with the latter result, 
and wishing further proof, the writer next weighed the five pieces 
(1677-1681) which were originally off one bar, but which, for the 
purpose of ascertaining the effects of additional rolling, had been 
reduced in the rolling-mill to various sizes. The specific gravity of 
the l^-inch bar was 7*7290, of the 1-inch bar, 7*7222, of the |-inch 
bar, 7*7018, and of the |-incb, Tbar, 7*6850, showing a decrease in the 
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density as they became reduced in diameter. It will be noticed, how- 
ever, that the specific gravity of the 1^-inch bar was somewhat less than 
that of the l^-inch bar, being 7-7200, instead of 7-7290. 

196. The most highly converted steel does not, as some may imagine, 
possess the greatest density, the hardest steel (1738-1739) being only 
7-8152; whereas the softest (1736-1737) is 7-8220. The specific 
gravity of puddled-steel is less than some of the superior kinds of 
wrought-iron. 



XIX. — Concluding Observations. 

197. In this, the closing section, the various conclusions at which 
the writer has arrived in course of this inquiry are presented collec- 
tively, with the numbers for reference to preceding paragraphs where 
they are stated more fully. The conclusions are as follow : — 

1st. The breaking strain does not mdicate the quality, as hitherto assumed, 

(51, 53.) 
2nd. A "high breaking strain may be due to the iron being of superior 

quality, dense, fine, and moderately soft, or simply to its being very 

hard and unyielding, (52 — 54.) 
drd. A low breaking strain may be due to looseness and coarseness in the 

texture, or to extreme softness, although very close and fine in 

quality, (52—54.) 
4th. The contraction of area at firacture, previously overlooked, forms an 

essential element in estimating the quality of specimens, (52, 68, 

73, 167.) 
5th. The respective merits of various specimens can be correctly ascer- 
tained by comparing the breaking strain jointly with the contraction 

ofarea, (54, 74,171.) 
6th. Inferior qualities show a much greater variation in the breaking strain 

than superior, (54, 56.) 
7th. Greater differences exist between small and large bars in coarse than 

in fine varieties, (57.) 
8th. The prevailing opinion of a rough bar being stronger than a turned 

one is erroneous, (58, 69.) 
9th. Rolled bars are slightly hardened by being forged down, (69.) 
10th. The breaking strain and contraction of area of iron plates are greater 

in the direction in which they are rolled than in a transverse direc- 
tion, (61.) 
11th. A very slight difference exists between specimens from the centre 

and specimens fi-om the outside of crank-shafts, (62.) 
12th. The breaking strain and contraction of area are greater in those 

specimens cut lengthways out of crank-shafts than in those cut 

crossways, (62.) 
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13th. The breaking strun of steel, when taken alone, gives no due to the 
real qualities of various kinds of that metal, (74.) 

14th. The contraction of area at fracture of specimens of steel must be 
ascertained as well as in those of iron, (74.) 

15th. The breaking strain, jointly with the contraction of area, affords the 
means of comparing the peculiarities in various lots of specimens, 
(74, 75.) 

16th. Some descriptions of steel are found to be very hard, and, conse- 
quently, suitable for some purposes ; whilst others are extremely 
soft, and equally suitable for other uses, (74, 75, 78.) 

17th. The breaking strain and contraction of area of joMrfrffec?- steel plates, 
as in iron plates, are greater in the direction in which they are 
rolled; whereas in cas^ steel they are less, (74, 75.) 

18th. Iron, when fractured suddenly, presents invariably a crystalline 
appearance; when fractured slowly, its appearance is invariably 
fibrous, (119, 130—133.) 

19th. The appearance may be changed from fibrous to crystalline by 
merely altering the shape of specimen so as to render it more liable 
to snap, (122, 134.) 

20th. The appearance may be changed by varying the treatment so as to 
render the iron harder and more liable to snap, (123, 164, 165.) 

21st. The appearance may be changed by applying the strain so suddenly 
as to render the specimen more liable to snap, from having less 
time to stretch, (124.) 

22nd. Iron is less liable to snap the more it is worked and rolled, (125.^ 

23rd. The "skin" or outer part of the iron is somewhat harder than the 
inner part, as shown by appearance of fracture in rough and 
turned bars, (126, 58.) 

24th. The mixed character of the scrap-iron used in large forgings is 
proved by the singularly varied appearance of the fractures of 
specimens cut out of crank-shafts, (67, 127, 135.) 

25th. The texture of various kinds of wrought-iron is beautifully developed 
by immersion in dilute hydrochloric acid, which, acting on the 
surrounding impurities, exposes the metallic portion alone for 
examination, (135.) 

2Cth. In the fibrous fractures the threads are drawn out, and are viewed ex- 
ternally, whilst in the crystalline fractures the threads are snapped 
across in clusters, and are viewed internally or sectionaUy. In 
the latter cases the ft'acture of the specimen is always at right 
angles to the length ; in the former it is more or less irregular, 
(136.) 

27th. Steel invariably presents, when fractured slowly, a silky fibrous 
appearance; when fractured suddenly, the appearance is invariably 
granular, in which case also the fracture is always at right angles 
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to the length ; when the fracture is fibrous, the angle diverges 
always more or less from 90°, (139.) 

28th. The granular appearance presented by steel suddenly fractured is 
nearly free of lustre, and unlike the brilliant crystalline appear- 
ance of iron suddenly fractured ; the two combined in the same 
specimen are shown in iron bolts partly converted into steel, 
(140.) 

29th. Steel which previously broke with a silky fibrous appearance is 
changed into granular by being hardened, (141.) 

30th. The little additional time required in testing those specimens whose 
rate of elongation was noted had no injurious effect in lessening 
the amount of breaking strain, as imagined by some, (143.) 

31st. The rate of elongation varies not only extremely in different qua- 
lities, but also to a considerable extent in specimens of the same 
brand, (145, 146.) 

32nd. The specimens were generally found to stretch equally throughout 
their length until close upon rupture, when they more or less sud- 
denly drew out, usually at one part only, sometimes at two, and, in 
a few exceptional cases, at three different places, (147 — 149.) 

33rd. The ratio of ultimate elongation may be greater in short than in long 
bars in some descriptions of iron, whilst in others the ratio is not 
affected by difference in the length, (159.) 

34th. The lateral dimensions of specimens forms an important element in 
comparing either the rate of, or the ultimate, elongations — a cir- 
cumstance which has been hitherto overlooked, (160.) 

35th. Steel is reduced in strength by being hardened in water, while the 
strength is vastly increased by being hardened in oil, (161, 162, 
164.) 

36th. The higher steel is heated (without of course running the risk of 
being burned) the greater is the increase of strength, by being 
plunged into oil, (161, 162.) 

37th. In a highly converted or hard steel the increase in strength and in 
hardness is greater than in a less converted or soft steel, (161, 162). 

38th. Heated steel, by being plunged into oil instead of water, is not only 
considerably hardened^ but toughened by the treatment, (162.) 

39th. Steel plates hardened in oil and joined together with rivets are fully 
equal in strength to an unjointed soft plate, or the loss of strength 
by rivetting is more than counterbalanced by the increase in 
strength by hardening in oil, (163.) 

40th. Steel rivets fully larger in diameter than those used in rivetting iron 
plates of the same thickness being found to be greatly too small 
for rivetting steel plates, the probability is suggested that the 
proper proportion for iron rivets is not, as generally assumed, a 
diameter equal to the thickness of the two plates to be joined, (163.) 
g2 
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41 8t. The shearing strain of steel rivets is found to be about a fourth less 
than the tensile strain, (163.) 

42nd. Iron bolts, case-hardened, bore a less breaking strain than when 
wholly iron, owing to the superior tenacity of the small pro- 
portion of steel being more than counterbalanced by the greater 
ductility of the remaining portion of iron, (164, 123.) 

43rd. Iron highly heated and suddenly cooled in water is hardened, and 
the breaking strain, when gradually applied, increased, but at the 
same time it is rendered more liable to snap, (165, 128, 123.) 

44th. Iron, like steel, is softened, and the breaking strain reduced, by 
being heated and allowed to cool slowly, (167.) 

45th. Iron subjected to the cold-rolling process has its breaking strain 
greatly increased by being made extremely hard* and not by being 
" consolidated,'^ as previously supposed, (168, 176, 123.) 

46th. Specimens cut out of crank-shafl are improved by addijiional ham- 
mering, (166, 128.) 

47th. The galvanizing or tinning of iron plates produces no sensible effects 
on plates of the thickness experimented on. The results, however, 
may be different should the plates be extremely thin, (169.) 

48th. The breaking strain is materially affected by the shape of the speci- 
men. Thus the amount borne was much less when the diameter 
was uniform for some inches of the length than when confined to a 
small portion — a peculiarity previously unascertained and not even 
suspected, (170—172.) 

49th. It is necessary to know correctly the exact conditions under which 
any tests are made, before we can equitably compare results 
obtained from different quarters, (172.) 

50th. The startling discrepancy between experiments made at the Royal 
Arsenal, and by the writer, is due to the difference in the shape 
of the respective specimens, and not to the difference in the two 
testing machines, (173.) 

51st. In screwed bolts the breaking strain is found to be greater when 
old dies are used in their formation than when the dies are new, 
owing to the iron becoming harder by the greater pressure required 
in forming the screw thread when the dies are old and blunt, than 
when new and sharp, (176, 168, 123.) 

52nd. The strength of screw-bolts is found to be in proportion to their 
relative areas, there being only a slight difference in fiivour of 
the spialler compared with the larger Eozes, instead of the very 
material difference previously imagined, (177, 174.) 

53rd. Screwed bolts are not necessarily injured although strained nearly to 
their breaking point, (179.) 

54th. A great variation exists in the strength of iron bars which have been 
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cut and welded ; whilst some bear almost as much as the uncut bar, 

the strength of others is reduced fully a third, (180.) 
55th. The welding of steel bars, owing to their being so easily burned 

by slightly over heating, is a difficult and uncertain operation, 

(181, 15.) 
56th. Iron is injured by being brought to a white or welding heat if not at 

the same time hammered or rolled, (182.) 

57th. The breaking strain is considerably less when the strain is applied 
suddenly instead of gradually, though some have imagined that 
the reverse is the case, (185, 186.) 

58th. The contraction of area is also less when the strain is suddenly 
applied, (187, 188.) 

59th. The breaking strain is reduced when the iron is frozen ; with the 
strain gradually applied, the difference between a frozen and 
unfrozen bolt is lessened, as the iron is warmed by the drawing out 
of the specimen, (189.) 

60th. The amount of heat developed is considerable when the specimen is 
suddenly stretched, as shown in the formation of vapour from the 
melting of the layer of ice on one of the specimens, and also by 
the surface of others assuming tints of various shades of. blue and 
orange, not only in steel, but also, although in a less marked degree, 
in iron, (189, 124.) 

61st. The specific gravity is found generally to indicate pretty correctly the 

quality of specimens, (191.) 
62nd. The density of iron is decreased by the process of wire-drawing, 

and by the similar process of cold-rolling, instead of increased, as 

previously imagined, (192, 193.) 
63rd. The density in some descriptions of iron is also decreased by addi- 
tional hot-rolling in the ordinary way ; in others the density is very 

slightly increased, (195.) 
64th. The density of iron is decreased by being drawn out under a tensile 

strain, instead of increased as believed by some, (194.) 
65th. The most highly converted steel does not, as some may suppose, 

possess the greatest density, (196.) 
66th. In cast-steel the density is much greater than in puddled-steel, which 

is even less than in some of the superior descriptions of wrought- 

iron, (196.) 

198. The breaking strain per square inch of wrought-iron is gener- 
ally stated to be about twenty-five tons for bars and twenty tons for 
plates. This corresponds very nearly with the results of the writer's 
experiments, of which the following table presents a condensed 
summary : — 
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Lb& Lbs. L,b& Tons. 

188 Bars, rolled, highest, 68,848 lowest, 44,584 mean, 57,555 == 25| 

72 Angle-iron, &c, do. 63,715 do. 37,909 do. 54,729 =24^ 

167 Plates, lengthways,.....'. do. 62,544 do. 37,474 do. o0,737> g^, 

160 Plates, crossways, do. 60,766 do. 32,460 Mo. 46,171) * 

199. Although the breaking strain is generally assumed to be 
about 25 tons for bars and 20 tons for plates, very great difference of 
opinion exists as to the amount of working strain, or the load which can 
with safety be applied in actual practice. The latter is variously 
stated at from a third to a tenth (see Appendix, A, G, H). It will be 
observed that whilst much discussion has arisen as to the amount of 
working strain, or the ratio the load should bear to that of the 
breaking strain, the important circumstance of the quality of the iron, 
as influencing the working strain, has been overlooked. The Board 
of Trade limits the strain to 5 tons, or 11,200 lbs. per square inch. 

200. It must be abundantly evident, from the facts which have 
been produced, that the breaking strain, when taken alone, gives a 
false impression of, instead of indicating, the real quality of the iron, 
as the experiments which have been instituted reveal the somewhat 
startling fact, that frequently the . infeiior kinds of iron actually 
yield a higher result than the superior. The reason of this differ- 
ence was shown to be due to the fact, that whilst the one quality 
retained its original area, only very slightly decreased by the strain, 
the other was reduced to less than one-half Now, surely this varia- 
tion, hitherto unaccountably completely overlooked, is of importance 
as indicating the relative hardness or softness of the material, and 
thus, it is submitted, forms an essential element in considering the 
safe load that can be practically applied in various structures. It 
must be borne in mind that although the softness of the material has 
the effect of lessening the amount of the hreaJdng sti-ain, it has the 
very opposite effect as regards the working strain. This holds good 
for two reasons : first, the softer the iron the less liable it is to snap ; 
and second, fine or soft iron, being more uniform in quality, can be 
more depended upon in practice. Hence the load which this descrip-. 
tion of iron can suspend with safety may approach much more nearly 
the limit of its breaking strain than can be attempted with the 
harder or coarser sorts, where a greater margin must necessarily 
be left. 

201. Special attention is now solicited to the practical use that 
may be made of the new mode of comparison introduced by the 
writer, viz. : the breaking strain per squa/re inch of the fractured a/rea of 
the specimen, instead of the breaking strain per square inch of the original 
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area The two modes of comparison may be judged of by turning to 
Tables G, J, K, of which column 3, or 3 and 4, pontain the results 
per original area; and column 6, or 6 and 7, per fractured area. 
They are also shown in the Diagram Plates VIL — X. In these 
tables and plates the various specimens follow each other according to 
their ascertained quality or breaking strain per fractured area. 

202. As a necessary corollary to what he has just endeavoured to 
establish, the writer now submits, in addition, that the loorhing strain 
should be in proportion to the breaking strain per square inch of 
fractured area, and not to the breaking strain per square inch 
of original area, as heretofore. He does not presume to say what 
that ratio should be, but he fcdly maintains that some kinds of iron 
experimented on by him will sustain with safety more than double 
the load that others can suspend, especially in circumstances where 
the load is unsteady, and the structure exposed to concussions, as in 
a ship, or to vibratory action as in a railway bridge. 

203. In the Appendix is given a series of extracts, chiefly from The 
Engineer and other journals, having reference to the questions dis- 
cussed in the present work. Some of the statements are so startling 
that the writer would almost have been afraid to have advanced them 
himself. They are, however, but too true, and it seems utterly 
unaccountable that upon a subject fraught with such momentous 
consequences, so few experiments should have been made, and so much 
vagueness and uncertainty allowed for so many years to exist, as some 
of these quotations evince. 

204. In one of these extracts (Appendix D), on the subject of the 
strength of iron ships, it is remarked, in connection with certain ex- 
peiiments made by Lloyd's Committee, " Whilst Lloyd's experiments 
were made on plates only f inch thick, it is necessary, in order to 
procure a 12 years' classification of a 3,000 ton ship, to use iron ly\ inch 
thick in the garboard streaks; and yet experiments have been made 
which appear to show that a rivetted joint, of even ^-inch iron, is 
absolutely weaker than one in |-inch plate." The experiments are 
published in full detail in the Transactions of the Institution of Naval 
Architects (vol. i., 1860). The writer cannot find words to express 
his astonishment that so celebrated a body as Lloyd's should for 
one moment rest content with conclusions drawn from only twenty five 
experiments. The plates experimented on were all of one thickness, 
viz., f inch, of one quality, and of an inferior description of iron, but 
the system of rivetting varied. These experiments are valuable so far 
as they go; but they should only be considered as preliminary to an 
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extended series worthy of emanating from so high a quarter. Such a 
series of experiments, which it is to be hoped may still be instituted, 
should embrace the various descriptions of iron and steel plates from 
the highest to the lowest qualities, as well as various modes of rivet- 
ting, size and form of rivets, and to ascertain the relative strength of 
plates according to their thickness. Data would thus be obtained of 
great practical value. The necessity of taking into consideration the 
qual'ity of the plates experimented on, forms an important element in 
this question, as the writer believes that the diminution of strength 
produced by rivetting will be found to vary according to the quality 
of the metal, and not to be regulated by any definite ratio, as hitherto 
assumed. If this supposition prove true, an additional argument will 
be afforded for employing the finer descriptions of iron and steel in 
preference to the coarser sorts. It seems certain that experiments 
adequate to the importance of the subject must some day be made, 
and if so, why not at present 1 * 

205. The writer has not attempted to explain the cause of the 
mysterious change produced on steel by heating it and plunging it 
into water, or the no less singular result effected by plunging 
it, when heated, into oil, as was proved by his experiments given 
in Section XIII., 161-164, and also referred to in Appendix (M.) 
JSTeither has he tried to account for the mysterious change pro- 
duced by subjecting iron to the pix)cesses of cold-rolling or wire- 
drawing. The explanation offered by some, of this difficult 
question, that the iron and steel are condensed by the processes to 
which they are subjected, is completely contradicted by fact, the metal 
being actually eacpcmded. The aim of the writer being strictly to 
ascertain facts, and state the conclusions which he considers to be fairly 
deducible from them, he has not felt himself warranted in attempting 
to speculate on a subject respecting which so little is yet known. 

206. In the Appendix (J) an extract is given from the continua- 
tion of the article in The PracticaZ Mechcmic^s Jorwrwd on "The 
Annealing Temperatures of Metals, and Crystallization produced by 
Vibration," already referred to at page 60. Although the author of 
that paper ridicules keenly the idea of the structure of iron under- 
going a change firom fibrous to crystalline after being in use, as well 
as the various agencies to which the supposed effect is ascribed, he 

* Since the publication of the First Edition, the writer has been informed that Lloyd's 
Committee have ordered a very powerful machine to be constructed for testing anchors 
and chains, and that it is their intention to carry out an extensive series of experiments 
on ri vetted joints.- 
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does not point out the cause which led to this erroneous conclusion — 
a cause which it has been the anxious endeavour of the present 
writer to elucidate. He has sought to prove, by the results of actual 
experiments, that what had previously been imagined to indicate a 
real change in the structure of the metal is in reality only a change in 
the appearances presented by the fractures, and simply and entirely due 
to the act of breaking. The two different appearances, respectively 
designated by the terms, "a fibrous fracture" and "a crystalline 
fracture," are, he maintains, produced by the iron breaking gradually 
in the one case, and suddenly in the other. Hence, when the ap- 
pearance presented was fibrous, it only proved that the piece had 
torn asunder; and when it was crystalline, that it had snapped. 

207. The writer would suggest that his acid test should be adopted 
as an extremely simple, inexpensive, but at the same time efficient 
mode of judging comparatively of the various textures of iron. By 
immersing the specimens in dilute hydrochloric or muriatic acid (spirit 
of salt), the surrounding impurities were removed, exposing to view 
the metallic portion alone for examination. Thus the effect produced 
by repeated rolling was at once apparent, when we compared a 
highly worked or superior quality with a slightly worked or inferior. 
In the former the appearance presented by the bar was that of very 
fine and straight long hairs or threads lying closely together, as shown 
in specimens of Farnley and Bowling iron; in the latter, to some 
extent there was the same thread-like appearance, but indistinct and 
wavy, very irregular in size, in some parts lying close, in others fai* 
apart, as' in bars of Dundy van. Puddled-iron rolled, or wrought-iron 
in its lowest state, presented more of a woolly than a thread-like 
appearance, as in specimens of Scotch and Welsh puddled bars; the 
latter development seemed as if commencing to be formed by the first 
rolling, the former or woolly resemblance to be due to the puddling 
process. Swedish tilted bars presented, even to the naked eye, a 
beautiful, silvery, variegated appearance; also in Eussian bar, the 
latter dense and very fine. Grovan hammered bar had the same 
marked, fine, thread-like appearance, as in Farnley rolled bar; but 
the threads were not so straight and equal. The crank-shaft speci- 
mens were extremely varied, and had a wood-like appearance, some 
portions dense, others porous, with here and there a silvery-looking 
vein, distinctly different from the other portions; in some places the 
fibres or threads were seen sideways, in others endways. Specimens 
from the armour-plates were like the last, but rather more porous. 

208. When the deplorable loss of the "Royal Charter" occurred 
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public attention was directed to the notorious fact that, till recently at 
least, any kind of iron was considered good enough for shipbuilding 
purposes. This state of matters was ably exposed in a letter signed 
" Amicus/' which appeared in The Times a few days after the lament- 
able event, an extract from which, and also from a second letter by 
the same pen, are given in Appendix (B). That the employment of 
the very best material would be accompanied with even great 
pecuniary advantage is forcibly set forth by Mr. J. G. Lawrie in a 
paper "On Lloyd's Rules for Iron Ships and their Improvement," an 
extract from which is also given in Appendix (0). It is hoped that the 
experiments, the results of which are detailed in the accompanying Tables, 
may be useful in supplying the data which Mr. Lawrie has assumed in 
stating his argument. It may be observed on this subject, in passing, 
that a slight allowance will require to be made for the difference in 
the respective specific gravities of the finer and coarser materials. 

209. In conclusion, the writer ventures only to express a hope that 
the experiments, on which he has been so long and unremittingly 
engaged, may not prove wholly unserviceable to practical science and 
the world at large. The importance of possessing a thorough know- 
ledge of the capabilities and strength of substances on which the 
lives and property of so many human beings depend, is a proposition 
which no one will attempt to deny. The only excuse, if indeed 
excuse it can be called, for employing an inferior description of 
material in the rearing of structures on the stability of which such 
momentous issues are involved, is ignorance or misapprehension of its 
proper quality. The writer has endeavoured, by a plain statement of 
facts, to furnish some information on^ a subject which seems till now to 
have been denied the attention which its paramount importance demands. 
Were this question fairly taken up and considered, some security might 
be afforded against the repetition in future of disasters occasioned by 
its being so often practically ignored. The necessity of using nothing 
but the very best descriptions of metal where human life or valuable 
property is at stake may, he trusts, come soon to be more generally 
recognized than it is at present. And that an increased demand for 
the finer varieties may conduce to a generous emulation amongst the 
manufacturers to improve still further the quality of their productions. 
Should his labours tend in any, even the smallest, degree to diminish 
the annual saciifice of life and property occasioned by faulty material 
and workmanship, he will feel the satisfaction that they have at least 
not been entirely in vain. 
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TABLE A. 



Note.— All the pieces were taken promiacuoualy from Engineers' or Merchants' 

h denotes bad fracture; r, slightly rent; 



Index 
No. 



NamMOftlie 
If Mken or Woriu. 



Description 



ORIGINAL 


Weight 


Diameter. 


Area 


Steelyd 


1. 


2. 


8. 


inch 


sq.in. 


lbs. 


•63 


•2207 


822 


•55 


•2376 


908 


•67 


•2552 


894 


•60 


•2734 


965 


•67 


•2552 


852 


•66 


•2462 


663 


•66 


•2462 


9S0 


•58 


•2642 


1008 


•57 


•2652 


792 


•57 


•2552 


749 


•58 


•2642 


978 


•56 


•2462 


852 


•58 


•2642 


908 


•68 


•2642 


908 


•58 


•2642 


821 


•60 


•2827 


858 


•57 


•2552 


720 


•68 


•2642 


736 


•67 


•2652 


865 


•67 


•2552 


865 


•57 


•2552 


642 


•67 


•2552 


667 


•66 


•2162 


778 


•57 


•2652 


793 


•57 


•2552 


763 


•67 


•2552 


649 


•76 


•4417 


1619 


•66 


•3318 


1077 


•74 


•4300 


1420 


•74 


•4300 


1S90 


•74 


•4300 


1347 


•73 


•4184 


1276 


•74 


•4300 


1304 


•73 


•4184 


1219 


•67 


•2552 


7*5 


•68 


•2642 


736 


•60 


•2827 


678 


•58 


•2642 


521 


•67 


•2552 


685 


•59 


•2734 


713 


•57 


•2552 


621 


•67 


•2552 


442 


•75 


•4417 


1618 


•76 


•4417 


1390 


•76 


•4417 


1291 


•76 


•4417 


1276 


•76 


•4417 


1447 


•76 


•4417 


1419 


•74 


•4300 


1247 


•75 


•4417 


1276 



BrealcingWeiglit 
per aquore inch 
of Original Area. 



STU ETCHED 


Diameter. 


Area. 


6. 


7. 


inch. 


sq.in. 


•62 


•2124 


•63 


•2207 


•55 


•2376 


•58 


•2642 


•55 


•2376 


•56 


•2462 


•55 


•2376 


•56 


•2462 


•56 


•2462 


•65 


•2376 


•56 


•2462 


•55 


•2t^76 


•67 


•2552 


•67 


•2552 


•56 


•2462 


•56 


•2462 


•52 


•2124 


•55 


•2376 


•52 


■2124 


•53 


•2-207 


•53 


•2207 


•53 


•2207 


•54 


•2290 


•54 


•2290 


•55 


•2376 


•55 


•2376 


•72 


•4071 


•64 


•3216 


•73- 


•4184 


•73 


•4184 


•70 


•3848 


•72 


•4071 


•72 


•4071 


•72 


•4071 


•55 


•2376 


•64 


•2290 


•57 


•2552 


•57 


•2552 


•55 


•2376 


•66 


•2376 


•65 


•2376 


•64 


•2290 


•71 


•3958 


•71 


•3968 


•72 


•4071 


•72 


•4071 


•72 


•4071 


•71 


•3958 


•70 


•3848 


•72 


•4071 



10 



11 

12 
18 

14 

16 
16 
17 

18 



19 
20 
21 
22 

23 
24 
25 



27 

28 



30 
81 



38 
84 



37 
88 



40 
41 
42 

48 
44 
46 
46 

47 
48 



T. TuRTON & Sons, 
Cast Steel for Tools, 
(from Acadian iron.) 



Thomas Jowitt, 
Cast Steel for Tools. 



Do. Do. 

Cast Steel for Chisels. 



I 



Do. Do. 

Cast Steel for Drifts. 



T. Jowitt, 
Double Shear Steel. 



Bessemrb Sheffield. 
» (Tool), u 



Wilkinson (E) 
Blister Steel. 



T. Jowitt, 
Cast Steel for Taps. 



Moss & Qamblbs, 
Cast Steel for Rivets. 



Naylob, Vickebs, & Ca, 
Cast Steel for Rivets. 



I 

S 

I 



Rolled 

bars f in. 

round. 



Rolled 

bars I in. 

round. 



4. 

lbs. 

146,3831 

145,177 

133,628 

132,004 

129,020 

112,242 

148,2941 
141,159 

122,437 
117,719 

137,979 
133,737 
130,568 

130,568 

121,340 
117,757 
114,637 

112,881 



130,447 
130,447 
105,980 
96,653 

126,8211 
122,547 

119,255 
106,747 



12^.1 i;i 

llh.L^l^l 

li;:.v-- 
111.^ ^'^ 

io;.'.>7ii 

10H,MJj 
10U;>.:i 

116,183 
112,226 
99,236 
89,546 

110,697 
106,196 
103,675 



116,763 
108,649 
102,309 
101,422 

112,262 
110,486 
102,293 
101,421 



5. 

lbs. 

132909 
132.402 



124,852 



115,882 



118,468 



llt460 



104,298 



101151 



107,286 



106,615 



STEEL BARS. 

Stores, except those marked Samples, which were received fi'oni the Makers. 



107 



oiures, except inose marKea aampies, wiiici 
/size at fracture; », size at smallest part. 





llreakinKl 
Wght per 
•q in of 
Stretched 
Area 


FBACTUBED | 


Difl-erenoe between 


Breaking 
Wghtper 


ELONGATION. 


FBACTURB. || 


Original and 
Stretched Areas. 






Oripinal and 
Fractured Arcis. 


sq in of 


in Column 20. 






Diameter 


Area. 


Fmctnred 
Area. 


Gran 


Kind. 


8. 9. 


la 


11. 


12. 


18. 


14. 15. 


16. 


17. 


18. 19. 


20. 


21. 


$2. 


24. 


sq. in. sq. in 


vet. 


lbs. 


inch. 


sq.in. 


sq. in. sq.in. 


fvct. 


lbs. 


inch inch. 


in. 


p-ct. 


V-ct. 




-00831 








•52* 


•2124 


•00831 








•141 








100 


A 


•0169 








•53 


•2-207 


•0169 








•18 








100 


A 


•0176 
•0092 


•0116 


4-7 


139,124 


•65 

•58 


•2376 
•2642 


•0176 
•0092 


•0116 


4-7 


189,124 


•18 
•14 


•14 


28 


54 


100 
100 


A 

A 
A 


•0176 








•56 


•2376 


■0176 








•16 








100 


•0000, 








•66 


2462 


•0000. 








03. 








100 


A 


•00821 








•68 


•2207 


•02561 








•151 1 






100 


A 


•0180 








•67 


•2552 


•0090 








-08 








100 


A 


•0090 


\ DISS 


61 


189,616 


{-^ 


•2290 
•2207 


•0262 
•0345 


'0323 


12^8 


151857 


•12 


•14 


27 


52 


100 


C 


■0176 








{■■^ 


•2124 
•1963 


•0428 
•0589. 








•20 








100 


C 


•01801 








•65 


•2376 


•02661 








•161 1 






100 


A 


•0086 








•50 


•1963 


•0499 








•14 








100 


j^ 


0090 








•65 


•2376 


'0266 








•11 








100 


A 


•0090 








i-eo/ 

\-67s 
•55 


•2652 


•0090 








•12 








100 


C 
A 


•0180 


•0210 


80 


135,597 


2376 


•0266 


^ 0417 


170 


150.248 


•18 


•17 


24 


71 


100 


•0365 








•53 


•2207 


•0620 








•16 








100 


A 


•0428 








•49 


•1885 


•0667 








•82 








100 


^ 


•0266 








{'^ 


•2124 
•1609 


•0618 
0833. 








•16 








too 


c 


•04281 








•50 


•1968 


•06891 








•301 






100 


A 


•0346 
•0345 


•0366 


148 


186.283 


•63 
•50 


•2207 
•1963 


•0346 
•0589 


•0548 


21-6 


147.570 


•25 
•36 


•82 


24 


188 


100 
100 


A 
A 


•0345. 








•49 


•1885 


•0667, 






•88, 








10 


I 


•01721 






•52 


•2124 


•03381 




•381 






100 


A 


•0176 [^^^ 


78 


128>880 


•52 
•54 


•2124 
•2290 


•0428 
•0262 


0487 


19-6 


147.898 


•30 I 

•28 


•85 


2^ 


135 


100 
100 


A 
A 


•0176 J 






•45 


•1590 


•0962. 








•36j 








90 


AI 


•03461 






•72» 


•4071 


•03461 






•401 






lOOr 


BC 


•0102 








64« 


•3216 


•0102 








•16 r 








100 


BC 


•0116 








•59 


•2734 


•1666 








•53 








90 


BI 


•0116 
•0452 


•0198 


48 


116,988 


•66 
•66 


.8318 
•3318 


•0982 
•0982 


0929 


22-3 


148^27 


•42 
•47 


•87 


68 


55 


90 
100 


F 
B 


•0113 








•72 


•4071 


•0118 








•12 








100 


B 


•0229 








•62 


•3019 


•1281 








•36 








90 


F 


•0113. 








•52 


•2124 


•2060. 








^j 








60 


BI 


■0176' 








•65 


•2376 


•0176 








•27 








lOOr 


A 


•0352 
•0275 


•0233 


8-4 


118,649 


•53 
•53 


•2207 
•2207 


•0436 
•0620 


•0671 


21*4 


182.472 


•25 
•24 


•29 


80 


97 


100/- 
lOOr 


A 
A 


•0090. 








•46 


•1590 


•1062 








•40 








90r 


AI 


•01761 






•48 


•1809 


•07481 






•241 






100 


A 


•0358 
•0176 


•0243 


94 


111,712 


•47 
•47 


•1735 
•1735 


•0999 
•0817 


0747 


288 


142,070 


•30 
•26 


•28 


8-6 


10-8 


100 
90 


A 
AI 


•0262 








•52 


•2121 


•0428 








•30 








85 


D 


•0459) 






•65 


•8318 


•10991 






•80 








90 


P 


•0459 
0346 


•0402 


91 


118,057 


•63 
•60 


•3116 
•2827 


•1301 
•1590 


•1418 


821 


158.018 


•85 
•85 


•84 


88 


124 


76 
60 


F 
FI 


0346 








59 


•2734 


•1683 








•88 











1 


•03461 






•60 


•2827 


•16901 






•661 






85 


FI 


^[•«« 


91 


117,859 


•61 
•62 


•2922 
•3019 


•1496 1 -441 
•1281 f ^*" 


828 


158,785 


•56 1 .ro 
'48f ^ 


60 


87 


90 
96 


FI 

F 


0346 


J 






•62 


•8019 


•1398 


J 






|«, 


J 






90 


F 
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TABLE A. 



Note.— All the pieces were taken promigeuously from Engineers' or Merchants' 

b denotes bad fracture; «■, slightly rent; 



Index 


. 


Names of the 




OBIOIKAL 


Weight 


Breaking Weight 


stebtched 
















per square inch 






No. 


2 


liaken or Works. 


Diameter. 


Area 


Steelyd. 


of Original Area. 


Diameter. 


Area. 










1. 


8. 


a. 


4. 


5. 


6. 


7. 










inch 


sq.in. 


lbs. 


lbs. 


lbs. 


inch. 


sq.in. 


61 


oi 


Ebupp, Dusseldor^ 


Boiled 


•92 


•6650 


1961 


96,2081 




•86 


•6812 


52 
63 


1 


Cast Steel for Bolts. 


round. 


•93 
•91 


•6808 
•6504 


1982 
1789 


94,838 
90,962 


92,015 


•84 
•88 


•6441 

•6082 


M 


A< 


If It 




•91 


•6504 


1675 


86,054j 




■85 


•6674 


65 




Shoetbidoe, Howell, & Co. 


Rolled 


•65 


•2376 


521 


99,6701 




•62 


•2124 


56 




Homogeneous Metal, 


bars 


•57 


•2552 


536 


94,349 


90,647 


•63 


•2207 


67 




U It 


»/l6in. 
for rivets. 


•57 


•2662 


464 


86,450 


•62 


•2124 


68 




It m 


•66 


•2462 


399 


82,218. 




■63 


•2207 


69 


fi 


Do. Do. 


Forged. 


•77 


•4657 


1252 


94,7521 




•72 


•4071 


60 


S 


U It 


u 


•75 


•4418 


1098 


90,118 


89,724 


•69 


•3740 


61 


H H 


It 


•76 


•4418 


1084 


89,230 


•70 


■3848 


62 


1 


If U 


m 


•76 


•4418 


1014 


84,794, 




•72 


•4071 


63 






T. JowiTT, Spring SteeL 


Forged 


•66 


•2376 


878 


82,7191 




•62 


•2124 


64 






It If 


from f in. 


•57 


•2662 


341 


72,955 


72,529 


•48 


•1809 


65 






If n 


rolled 


•65 


•2376 


264 


69,284 


•62 


•2124 


66 






It It 


bars. 


•66 


•2462 


249 


65,168J 




•62 


•2124 


69 




Mersey Co., Puddled Steel. 


Forged. 


•76 


•4417 


864 


75,3041 




•69 


•3739 


70 


"c 


It It 


It 


•76 


•4636 


888 


74,810 




•70 


•8848 


71 


p4 


It H 


II 


•77 


•4717 


866 


70,634 


7t486 


•G9 


•3739 


72 


« 


H If 


It 


•76 


•4417 


790 


70,613 


•68 


•3632 


73 


^ 


II II 


H 


•76 


•4636 


818 


70,489 




•68 


•3632 


74 


II n 


U 


•74 


•4300 


706 


67,066, 




•68 


•3421 


76 






Blochaibn Paddled SteeL 


Rolled 


•76 


•4417 


861 


76,1141 




•70 


•3848 


76 






» M 


bars. 


•76 


•4417 


833 


73,339 




•67 


•3526 


77 






If II 


It 


•62 X ^60 


•3720 


647 


73,080 


70166 


•68 


•3363 


78 






It It 


II 


•76 


•4417 


826 


72,895 


•72 


•4071 


79 






It » 


If 


•76 


•4417 


805 


71,564 




•70 


•3848 


80 






It II 


It 


100 


7854 


1219 


55,006J 




•97 


•7392 


81 


i 




Do. Do. 




•76 


•4417 


804 


71,601 1 




•70 


•3848 


82 


1 


) 


II If 


from Blabs. 


•75 


•4417 


804 


71,501 




•71 


•3958 


83 
84 


1 

5 


i 


It If 

It M 


It 


•75 
•76 


•4417 
•4636 


783 
790 


70,169 
68,761 


65,255 


•68 
•72 


•3632 
•4071 


86 






II If 


It 


•76 


•4536 


762 


67,032 




•71 


•8958 


86 






H II 


u 


•77 


•4657 


884 


42,664J 




•77 


•4657 


87 






Do. Do. 


Forged 


•77 


•4657 


846 


70,34r 




•73 


•4184 


88 






If It 


froin 


•77 


•4667 


832 


69,500 


62,769 


•76 


•4417 


89 






It u 


rolled 


•76 


•4636 


734 


66,304 


•72 


•4071 


90 






II It 


bars. 


•77 


•4657 


440 


46,981. 




•77 


•4657 


1 


- 
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stores, except those marked Samples, which were received fi'om the Makers. 
/ size at fracture; «, size at smallest part. 



DifTttrenco between 

Original and 

Stretched Areas. 



Breakinpc 
Wglit per 
sq. in. of 
Stretched 
Area 



8. 9. la 

sq.in. sq.in. ^ct. 



•1867 
•0422 
•0830J 



•0864 



•0345 
•0428 
•0265 J 

•06861 
•0678 
•0570 
•0847 



•0546 



129 



12^2 



16-2 



•0678 



•0978 
•0785 
■0904 
•0879 

•05691 

•0891 

•0357 

•0346 

•0569 

•0462 



0459 
•0785 
•0465 
•0578 
•0000 

•04731 
•02401 
•0466 f 

•ooooj 



•0819 



•0588 



•0478 



131 



11. 

lbs. 

105,910 



104,017 



102,329 



86,523 



18-2 



10« 



105 



6-4 



87,451 



76,699 



72,775 



67,022 



FBACTUBED 



u. 

inch. 



•71 
•75 



•46 
•46 
•42 

•58 
•61 
•68 
•72* 

•62 
•46 

•50 
^7 



•64 
•68 
•61 
•67 
•59 
•65 

•70 
•62 
•52 
•71 
•61 
•96 



•68 
•64 



•67 
•76 



•73 
•72 



•76 



18 

8q.in. 

•8958 
•4417 
•6082 
•3019 

•1662 
•1662 
•1590 
•1885 

'2642 
•2922 
•8632 
•4071 

•2124 
•1690 
•1968 
•1736 



•3216 
•3632 
•2922 
•2552 
•2734 
•2376 



•3019 
•2704 



7088 



•8216 
•8421 
•8626 
•4417 

•4184 
•4071 
•8632 
•4417 



Oifferenoe between 

Original and 

Fractured Areas. 



14. 15. 

sq.in. sq.in. 



•0422 
•8486 



•2015 
•1496 
•0786 
•0347 



•0962 
•0413 
•0727 



•8247 



•0911 



•1161 



•0588 



16. 

^ct. 

340 



36*6 



260 



241 



•12011 

•0904 

•1795 

•1865 

•1802 

•1924 J 

•05691 

•1398 

•1016 

•0459 

•1495 

•0766. 

•0785 
•0785 
•1201 
•1115 
•1010 
•0240 

•0473 
•0586 
•0904 
•0240 



•1588 



•0950 



•0856 



•0551 



17. 
lbs. 

139434 



142,920 



35-3 



194 



19^0 



U^ 



Breaking 
Wght per 
sq in. of 
Fractttred 
Area. 



12L212 



95490 



110,451 



84,871 



80,870 



7t231 



18. 19. 

inch. inch. 
M41 

^•^'^li-io 

l-30j 



881 
76j 



ELONGATION. 

Length of part stretched 

in Column SQ, 



•45 



0-84 



0-58 



0-58 



7-8 



4-0 



5'8 



8-5 



44 



47 



4*4 



4-4 



81. 

^ct. 

15-3 



137 



U^ 



180 



191 



11*3 



12^0 



91 



vet 

10 

86 

100 

Or 



66 

66 



80 

90 
lOOr 
100 

80 
Or 

Or 



Or 
84}r 
Orr 

Or 
Or 



84. 



FI 
F 
C 

I 

FI 

I 

FI 
I 

FI 
FI 
A 
C 

D 
E 



H 

GH 
H 
I 



18 



Sbr 

Or 





Or 

Orr 

Obr 


Or 
60r 
Obr 



P 

G 

u 

H 
H 
G 

H 
G 
G 
H 
GH 
G 

GH 

GH 

G 

G 
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TABLE B. 



NoTS.— All the pieces were taken promiscuously from Engineent' or Merchants' 

h denotes t>ad fracture ; r, slightly rent ; 



Index 
No. 



Kamca of the 
Makers or Works. 



101 
102 
103 
104 

105 
106 
107 

108 

109 
110 
111 
112 

118 
114 
116 
116 

117 
118 
119 
120 

121 
122 
123 
124 

125 

126 
127 
128 

129 
130 
181 



133 
134 
135 



137 

138 
139 
140 

141 
14i 
143 
144 

145 
146 
147 

148 

149 
150 
151 
162 

163 
154 
155 
156 



LOW-MOOB. 



Do. 



Do. 



Do. 



Do. 



Da 



Da Do. 



Bowling. 



Do. Do. 



Farmle Y. 



J. Bradley & Co. © r 
(Charcoal.) 

k 

Do. B. R Scrap. | 



1 



Do. SC ^ 



Do. Do. 



G. B. Thorneyceopt & Co. 
THS. 



Lord Ward, L <g? W.R-0. 



Rolled 

bars 1 inch 

square. 



Rolled 

bars 1 inch 

round. 



Rolled 

bars 

"/l6in. 

for rivets. 

Planed 
from 1 in. 
sq. bars. 



Deaeription 



Forged 
from H in. 
round bars 



Rolled 

bars 

1 in. round. 



Turned 
from li in. 
round bars 



Rolled 

bars 1 in. 

round. 



Rolled 

bars 1 in. 

round. 



Rolled 

bars 1 in. 

round. 



Rolled 
bars '/♦ in. 
for rivets. 

Rolled 

bars ^/a in. 

round. 



Rolled 

bars 

l»/i6 in. 

for rivets. 

Rolled 
bars 

lVl« in, 
for rivets. 



1. 

inch 

1*03 X 1-01 
11)2 X 1-01 
103 X 1-01 
103 X 101 

100 



•69 



•78 X -78 
•77 X -77 
•77 X -77 
•78 X -78 

•77 

•78 
•80 
•77 

1-00 



ORIGINAL 
Diameter. Area 



1^00 



1-00 



100 



•75 



•89 



•81 



Weight 



Steeljd 



8. 

sq.io. 

1-0403 
10302 
10403 
1-0403 

•7864 



•3712 



•6064 



•6084 

•4657 
•4779 
•50-26 
•4657 

•7854 



•7854 



•7854 



•7864 



•7854 



•4417 



•6153 



•3848 



8. 
lbs. 

1990 
1904 
1882 
1876 

1604 
f433 
1361 
1340 

604 
483 
455 

448 

1019 
947 
947 
961 

805 
823 
854 
756 

1619 
1461 
1404 
1822 

1440 
1433 
1382 
1847 

1476 
1475 
1461 
1349 

1304 
1297 
1276 
1247 

1859 
1347 
1340 
1819 

601 
694 
561 
537 

1089 
1061 
1047 
1037 

790 
776 
769 
783 

647 
504 
476 
462 



60,565 
59,390 



65,1661 

62,635 

60,069 



Breaking Weight 

per sqoare inch 

of Ori^al Area 



4. 

lbs. 



62,4511 
60,867 
58,756 
58»228j 

61,8051 
60,020 
60,020 
59,135, 

67,876 
67,198 
65,622 
64,871 J 

65,701 1 
63,634 
61,602 
58,678 

1 



60,817 
59,570j 

64,1831 
64,133 
63,634 
59,642 

68,036 
57,787 
57,039 
56,004 J 

59,998 
69,570 



58,571 J 

58,6321 
58,190 
55,463 
54,576 J 

63,604 
62,344 
61,714 
61,263 



50,767 
59,387 
57,431 J 

63^731 

60,244 I 
58,207 I 
57,188 J 



5. 

lbs. 



60,864 
6L798 
60,075 
60,245 
66,392 
62,404 
61,477 
62,886 
57,216 
59,370 
56,715 
62,231 
5^278 
59,753 



STRETCHED 



Diameter. Area 



6. 

inch. 

95 X -96 

•95X^95 
•94X-94 
•94X-94 

•90 
•90 
•90 
■90 

•62 
•63 
•63 



74 X ^74 
"72 X -72 
72 X ^72 
72 X -72 

•72 
•71 
•72 
•74 



•92 
•90 

•90 
91 
•92 
•92 

•90 
•91 
■90 
•90 



•89 
•89 
•90 
•90 



•81 
•81 
•82 
•80 

73 
•74 
•74 
•74 

•63 
•68 
•65 
•63 



IRON BARS. 



Ill 



Stores, except those marked Samplea^ which were received from the Makers. 
/ size at fracture; 9, size at smallest part. 



DifFbrenoe between 

Orl^al and 

Stretched Areas. 



Breaking 

Wght. per 

sq. in. of 

Stretched 

Area 



sq. ia. si\. irin 



■137rtl 
•1375 
•1564 
1664 J 



■IIU 



•149'2 ^^ 

'i-iyaj 

I/C6!WJ 

■0900 J 

'03157 J 
*lfi04T 



149^ 
1350 

1304 



^ 13U 



1402] 

■1772 J 
16341 



•0786" 
'0785 
■0801 



lOCTl 
J 067 



■1067 



07321 
0732 i 
^»D30f 
«S30j 



0631 



10. 



13-0 



10^0 



1T3 



12-5 



142 



IGS 



16-1 



186 



212 



199 



im 



17-2 



171 



134 



11. 
ibB. 



70,131 



7ftS90 



72^695 



69M0 



Tiaaa 



74,487 



73,863 



77.200 



72,700 



74.379 



70J503 



75433 



7L540 



71031 



FRACTURED 



Diameter Area. 



12. 

Inch. 

SOX 90 

71 X n 

1^ X ^2 



'68 

■48 
'46 
■49 
•47 

.^B X ■J^ 
53 X '^ 
53X03 



'61 

■m 

■58 

Be 
eo 

74 
75 
66 

73 
73 

•10 

70 
2 



la. 

Sq.iU, 

'4761 

■6400 
'5041 
5184 

'3fttS 

1609 
■1662 
'1SS5 
■1735 

4225 

■280^ 
'2809 
2»te 



Difference between 

Original and 

Fractured Area*. 



Breaking 
Wght. per 
sq in of 
Fractured 
Area. 



14. 15. 



sq. in. sq*tn ^ct 



^6039] 
■5216 J 



4222 

■40O6 
42aii 
422-2 

1903 
a050 
1827 
ly77 

1850 

3120 
3^75 



^^ 



■19^ 



2S43 



16. 



48^0 



531 



47-9 



■2922 "1735 

'2827 1962 

■*^E>4a ^i3S4 

■2642 -2015 

6026 '2S23 

■4300 'flSIW 

■4117 '3437 

'3421 4133 



2023 42 3 



■4184 
'41S1 
■3848 
■3848 

■884fi 
■4071 



■3019 
'3116 
'S019 
■3116 

'3S4S 
373^ 
3J3& 

■3730 

■2376 

'2207 
'2378 
■1963 

►3848 
*&42l 
■5^1 
3318 

'3019 
'3116 
S01& 

■aiiG 

-2376 
*2124 
'2376 
■2TM 



■3563 



453 



36701 

'4006 J 



4006 

■3783 
4L15 
40O6 



39T? 60* 



■^835] 

l;^ ■4787 60-0 

4738 J 



■40O6 
4L15 
4115 

4116 J 



'4088 52-0 



aoin 

fij ■sm49-5 

24 5^4 J 
'2372 



2131 
2il37 
2134 
2037 

1472 
1724 
1472 
■1114 



■a085 



■1446 



40-4 



37-e 



17. 



le. 19. 

iucli. Incli. 



U7,147 



1^1670 



mi775 



U4.410 



115,040 



U4.220 



120.229 



127.425 



14Q.521 



2-31 
I'SO 
180 
1-86 



BLONGATION. 

Length of part stretched 

in Column 20. 



1-80 



190 1 
1-92 J 



l-Sl 

ia& 

l^M 
1'40 

I'M 
1^52 
1-80 
l'S3 

1*12 
113 
1'23 
0^ 

163 
180 
1-80 
liM) 

11(58 
l^rt8 
V-BO 

1-60, 

1'80 

reo 
aoo 
laa 



155 



1'60 



111 



176 



1-74 



174 



2W 
1-86 



112,336 



87-576 



99.595 



95.724 



.2-00 

123,805 'i^t 

■i-soj 



r76i 

1'34 
142 ' 
160. 



SOS 



l-W 



1^1 
iS5 
I'lfl 
168 

1-S3 
150 
17S 
1'54 

132 
1-38 
116 

o-^sj 



lee 



119 



Tfl 



T8 



71 



£5 



rz 



67 



ta 



0^4 



Tfl 



04 



73 



74 



64 



SI. 



249 



265 



205 



23-8! 



20-2 



244 



260 



256 



3&2 



26*9 



225 



22-2 



22^ 



19* 



Ciys. Col. Kind 



S3. 
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TABLE B. 



MoTB.— All the ideoes were token promiseuousljf from Engineers' or Merchants' 

h denotes Imd ficactiire ; r, eliglitly rent ; 



Index 
No. 



Namosofthe 
Makan or Works. 



157 
168 
159 
160 

161 
162 
163 
164 

165 
166 
167 
168 

169 
170 
171 
172 

173 
174 
175 
176 

177 
178 
179 
180 

181 
182 
188 
184 

185 
186 
187 
188 

189 
190 
191 
192 

193 
194 
195 
196 

197 
198 
199 
200 

201 
202 
208 
204 

205 
206 
207 
206 



210 
211 
212 



GoTAH Ex. B. Best 



Da 



Do. 



GoTAH,Ex. B. Best. 



Do. Do. 



Do. Do. 



Do. Do. 



GoTAN B. Best 



Do. 



Do. 



Do 



GOVAW 



Do. 



Do. 



Do. 



Do. 



Do. 



Do. 



Do. 



Deici^tion 



RoUed 

bars I in. 

square. 



Rolled 

bars I in. 

round. 



Rolled 
bars Ij^ in. 
• round. 



Rolled 

bars 1 in. 

round. 



Rolled 

bars I in. 

round. 



Rolled 

bars f in. 

round. 



Rolled 

bars lit in 

round. 



Rolled 

bars 1 in. 

round. 



Rolled 

bars I in. 

round. 



Rolled 

bars I in. 

round. 



Rolled 

bars lit in* 

round. 



Rolled 

bars 1 in. 

round. 



Rolled 

bars I in. 

round. 



Rolled 

bars f in. 

round. 



1. 

inch 



•77 X -77 



•76 
•76 
•70 
•75 

115 
116 
115 
115 

1-02 



•90 



•77 



1^13 
112 
118 
118 

1-01 
101 
100 
1-00 

•90 
•90 



1-15 



104 
1-02 
1^04 
102 

•90 



•77 



Weight 



Steelyd. 



8. 

sq.in. 



•4586 
•4536 
•8848 
•4417 

1^0387 
1*0668 
1-0387 



•8171 



4657 



ixxm 

0-9852 
10029 
10029 

•8012 
•8012 

•7854 
•7864 



•62-iO 
•4657 



10887 



•8171 
•8498 
•8171 



•4657 



8. 
lbs. 

890 
890 
876 

847 



462 
554 

1875 
1890 
1833 
1804 

1419 
1419 
1390 
1376 

1019 
1012 
998 



671 
671 
619 



1969 
1876 
1904 
1619 

1575 
1533 
1361 
1361 

1090 
1090 
1019 
1019 

783 
780 
747 
705 

1961 
1933 
1847 
1618 

1519 
1426 
1475 
1361 

1190 
1119 
1104 
1104 

733 
719 
704 



56,655 



69,0701 
56,653j 



59,276 
58,668 
58,135 
67,362. 

69,726 
69,726 

68,732 



59,1041 
58,796 
58,180 
56,696 

59320 
69320 
66,694 



Breaking Wolglit 

per sqoare inch 

of Original Area 




58^8 



59,109 



58^69 



57,400 



64,575") 

62,495 l|j^«»a 
62.201 fW>'879 

54,246 J 



663631 
64395 
60,069 
60,069 



62,229 
62,229 
60,453 
60,453. 

66,5531 
66373 
64390 
61364. 

61394 
60,840 
58,521 
62348 j 

60,722 
59,966 
69,272 

67,738 J 



63.605 
62.845 



6%849 



6U41 



64,795 



58,326 



59,424 



63,956 



63,5471 
62,705 ) 
61,804 f 
59,493 J 



61,887 



BTBBTCHED 



IMamater. Area. 



6. 

72 X -72 
72 X ^72 
•72 X ^72 
72 X -72 

•70 
•70 
•66 
-71 

1-05 
1-05 
1-06 
104 

•95 
•95 
•96 
•95 



•84 
•84 



•70 
•71 
•71 
•71 

1^04 
1-04 
1-05 
1-10 

•93 
•93 
•90 
•97 

•82 
•82 
•81 



•71 
•72 
•71 
-74 

1-05 
1-07 
1-07 
110 

•98 
•95 
•95 
•97 

•84 
•82 
•84 
•85 

-70 
•71 
•69 
•72 



IRON BAR S— «7on«ntt«0 
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stores, except those marked Samples, which were received from the Makers. 
/Bize at fracture; «, size at smallest part. 



DUEBronoe between 


Breaking 
Wght. per 
sq. In of 
Stretched 
Area 


FEACTUBBD 




^!tfp"S 


BLONQATIOK. 


... 

FBAGTUBB. 








Original and 
Fractured Areas. 


sq in of 


Length of part stretched 




Original and 
Stretched Areas. 


Diameter. 


Area. 


S^tui«d 
AnM. 


lnCoIanm20. 


Ciys 


CoL 


Kbd 


8. 9. 


lOi 


11. 


12. 


13. 


14. 15. 


16. 


17. 


18. 19. 


20. 


21. 


22. 


IsT 


24. 


sq. in. sq. in 


vet. 


lbs. 


inch. 


sq.in. 


sq.in. sq.in. 


IP-ct. 


lbs. 


inch. inch. 


in. 


V-ct. 


V'Ct. 






•0745"! 








•58X-58 


•8364 


•26651 








1-621 











i 


f 

B 
B 


•0746 
•0745 


•0746 


12*6 


64,797 


•59 X^ 

-58X'68 


•3481 
•3364 


•2448 
2566 


•2688 


42-7 


99,000 


1-56 
1-50 


1-65 


81 


191 






1 


•0745 J 








•58X-58 


•3364 


2566. 








1-64] 











i 


•06881 1 






•58 


•2642 


18941 






1-821 











8 
S 
S 


•^ 


0665 


18b 


66.242 


•58 
•65 


•2642 
•2376 


1894 
1472 


•1712 


395 


95^8 


106 *^ 


88 


17-8 






f 


■0469J 








•60 


•2827 


1690. 






• 


1-10 J 









§ 


S 


•17281 1 






•90 


•6362 


•40261 








1^661 









1 


s 
s 
s 


•1909 
•1728 


•1814 


17-4 


70,645 


•86 
•90 


•6812 
•6362 


4766 
402? 


4208 


408 


97,821 


166 ^^ 


70 


288 






•1892 J 








•90 


•6362 


4025. 








166j 









1 


s 


•10831 1 






•78 


•4779 


•33921 








1-701 











1 


1 

s 
s 


•1083 
•1083 
•1083 J 


^ 1083 


13-3 


68,140 


•79 
•79 
•80 


•4902 
•4902 
•5026 


•3269 
•3269 
•3145 J 


•8869 


400 


98,527 


1'40. 
1-38 
1-32. 


.1-46 


6-6 


228 







1 


•1062 1 






•66 


•3421 


•29411 








1-161 











s 

s 
s 


•0921 f "''** 


15-0 




■68 
•69 


•3632 
•3739 


•2730 
•2623 


ii729 


429 


101,868 


i^ao 

1^16 


1-15 


6-0 


192 








•0921 J 






•69 


•3739 


•2623, 








1^08. 











s 


•08091 






•60 


•2827 


•18301 








1^121 











1 


s 

s 
s 


•0699 
•0699 


•0726 


15-6 


68,018 


•64 
•69 


•8216 
•2734 


•1441 
•1923 


.lTr9 


880 


92,880 


090 
1-02 


.0-97 


6-5 


17-6 


8 



1 


•0699 J 








•69 


•2734 


•1923. 








0-82. 











B 


•1534) 






0-95 


•7088 


•2941 1 








1-481 








72 


] 


u 
s 
s 


•1357 
•1370 


•1199 


120 


69A61 


084 
0-92 


•6441 
1666O 


•4411 
•3379 


^•2817 


28^2 


84,770 


1^50 
1-42 


119 


7-0 


vt-o 


8r 
3r 


•0536 J 








VIO 


•9603 


•0536, 








0-36, 








95 


1 


Y 


•1204) 






•84 


•6441 


•26711 






1^421 






6r 


£ 


B 


•1204' 
•1492 


•1090 


18-7 


78au 


•82 
•76 


•5281 
•4417 


•2731 1 .0097 28-9 1 
•3434 f ***" *** ^ 1 


88,550 


1*87 1.24 
1-60 *** 


6-6 


191 






1 


•0462, 








•97» 


•7392 


•0462 J 






068 J 






100 


f 


Y 


•10811 






•68 


•3632 


•27301 






1-261 








Or 


•3 


S 


•1081 
•1067 


•1042 


16-6 


78,627 


•72 

•67 


•4071 
•3626 


•2291 .2289 
•2694 ^^ 


86-4 


96,442 


114 
1-41 


1^20 


6-0 


200 


33r 



1 


u 

s 


•0939 








78 


•4779 


•1441 J 






lOOj 








20r 


1 


u 


•06991 






•60 


•2827 


•18301 








1-00' 








2 


B 


•0586 
•0699 


•0586 


12-6 


744346 


•62 
•60 


•3019 
•2827 


•1638 
•1830 


•1564 


33-4 


97.245 


1^12 
1-17 


0-95 


6-5 


17-8 


4 



e 


B 
B 


•0857 








•69 


•3739 


•0918 J 








0-50. 








20 


J 


V 


•17281 






0-98 


•6808 


•3579 








Jl?! 








2 




B 


•1395 
•1396 


•1350 


180 


67,046 


1-03 
1^00« 


•8333 
•7864 


•2054 
•2533 


•2836 


258 


78,189 


1^04 
1-30 


M7 


7-0 


16-7 


70 




V 

B 


•0884 








101 


•8012 


•2376. 








0-64j 








4rr 




U 


•09551 






•96 


•7238 


•1260 








074' 


1 






100 


1 


Y 


■•r •«>« 


12-6 


68A06 


•82 
88 


•6281 
•6082 


•2890 
•2416 


•2094 


251 


79,873 


1^50 
1^24 


107 


fr6 


16-4 



25rr 


rrf 


s 
V 


•0779 J 






•90 


•6362 


•1809 








0^80. 


1 






10 


u 


•09211 






•77 


•4657 


•1705 


1 






1^00 








28 


1 


V 

s 
u 


z -^^^ 


14-2 


74,535 


•68 

'37 


•3632 
•4657 


•2730 
•1706 


•1766 


27-7 


88JS12 


1^35 

1-07 


1-06 


60 


15-8 


1 

10 


Ji 


•0688 J 






•84 


•6441 


•0921 


J 






0-80 J 






100 


Y 


•08091 






•60 


•2827 


•1830 








127 


1 







6 





B 

U 

s 


•T>« 


161 


78369 


•61 
•62 


•2922 
'3019 


•1735 
•1638 


•1636 


351 


95,819 


1-06 
1-22 


[ro9 


5-8 


18-8 




•068 


6j 






1 •» 


•3318 


•1339 








0-80 


J 






8r 




u 
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TABLE B. 



Note.— All the pieces were taken promiscuoualy from Engineers' or Merchants' 

b denotes bad fracture; r, slightly rent; 



Index 


~ 


NameB of the 




ORIOIKAL 


Weight 


Breaking Weight 


•s 

stretched 


Na 


1 


MiOien or Works. 


DescripUon 






OQ 

Steelyd 


per aqoare inch 






Diameter. 


Area 


Diameter. 


Area 










1. 


2. 


8. 


4. 5. 


6. 


7. 










inch 


sq.in. 


lbs. 


lbs. lbs. 


inch. 


sq.in. 


213 
214 
216 
216 
217 






Glasgow B. Best. 

n » 

M W 

m H 


Rolled 

bars 1 inch 

round. 


1-00 
I'OO 
1-00 
0-98 
0-99 


•7854 
•7854 
•7864 
•7643 
7698 


1382 
1347 
1347 
1248 
1219 


603171 

59,669 

59.669 

58,361 

66A21. 


58,885 


•92 
•91 
•92 
•90 
•90 


•6650 
•6504 
•6650 
•6362 
•6362 


218 
219 
220 
221 






Do. Do. 
*/ It 


Rolled 

bars 

"/i6 in. 

round. 


•92 
It 

H 
U 


•6650 
It 


1132 
1132 
1033 
1004 


61,2961 
61,296 
57,13t 
55,913. 


58.910 


•86 
•86 
•86 
•86 


•6812 
•5812 
•5812 
•5812 


222 
223 
224 
226 






Do. Best Rivet. 

It m 

H H 
It H 


Rolled 

bars V« in. 
round. 


•87 
If 

u 
It 


•5946 

It 
It 


926 
876 
876 
876 


58^3] 
56,516 
56,516 
56,516. 


57.092 


•81 
•80 
•80 
•80 


•6153 
.6026 
•5026 
•6026 


226 
227 
228 
229 
230 




) 


Do. B. Best. 

U It 

» It 
It It 

It n 


Forged 

from 1 inch 

rolled 

bars. 


•78 
•77 
•77 
•72 
•79 


•4779 
•4667 

•4667 
•4071 
•4902 


712 
683 
669 
619 
662 


60,6951 

60,641 

69,700 

57,976 

56,316j 


59>045 


72 
70 
71 
•69 
•76 


•4071 
•3848 
•£938 
•3739 
•4417 


231 
232 
233 
234 


1 




Gov AN B. Best. 

n M 
It It 


Rolled 

bai-s '/* in. 

ronnd. 


•76 
•76 
•76 

•75 


•4636 
•4536 
•4636 
•4417 


666 
637 
630 

606 


61,1061 
69,316 
58,884 
68,886 J 


59^8 


•72 
•70 
72 
•71 


•4071 
•3848 
•4071 
•3968 


235 
236 
237 
238 






GoATBBiDOs Best Rivet. 
» It 

It M 
II II 


Rolled 

bars «/4 in. 

round. 


•76 

If 
It 

n 


•4417 

H 
It 
U 


679 
664 
649 

607 


63,6771 
62,626 
61675 
59,013. 


6t723 


•70 
•70 
•69 
71 


•3848 
•3848 
•3739 
•3958 


239 
240 
241 
242 






Blochaibn Best Rivet. 

II u 

If II 


Rolled 

bars */* in. 

round. 


•76 

It 


•4417 
It 

It 


621 
614 
607 
699 


59,900] 
69,467 
59,013 
58,506, 


59,219 


70 
•70 
71 
•70 


•3848 

•3848 
•3958 
•8848 


243 
244 
246 
246 






St. Rollox Best Rivet. 
It It 

u u 


Rolled 

bars 

"/i6in. 

round. 


•81 

u 

If 


•6185 
It 
II 
If 


951 
716 
708 
651 


68,8481 
56,104 
55,726 
47,248. 


56,981 


77 
•76 
•77 
•80 


•4657 
•4417 
•4657 
•6026 


247 

248 

,249 

250 






B. Solloch E. Best. 
It II 

It u 


Rolled 
bars 

^Vie in. 
for rivets. 


•70 
It 


•3848 
It 
It 


490 
484 
454 
433 


59,226^ 

58,789 
66,606 
66,078 J 


57,425 


•66 
•66 
•66 
•65 


•3318 
•3421 
•3421 
•3318 


261 
262 
253 
254 
255 
256 
267 
258 


i 
I 

a 




Ulverston Rivet ^q Best. 
It It 

H II 
II II 
U IT 
It II 
It II 
U It 


Rolled 

bars '/4 in. 

round. 


•76 
If 


•4417 

II 
If 

It 
If 

u 


612 
591 
691 
540 
505 
490 
447 
419 


59,3301 
58.000 
58,000 
54,766 
52,547 
51,696 
48,870 
17,096, 


58,775 


•67 
•65 
■68 
•66 
•69 
•70 
«4 
•68 


•3526 
•3318 
•3632 
•3318 
•3739 
•3848 
•3216 
•3632 


269 
260 
261 
262 
263 




Mebsby Co., Best. 
It II 
II It 
If II 

It u 


Forged 

from 

»/4 in. sq. 

bars. 


•67 
•71 
•70 
•74 
74 


•3526 
•3J58 
•3848 
•4300 
•4300 


462 
633 
606 
590 

562 


62,411' 

60,621 

60.317 

69,512 

57,690, 


60,110 


•64 
•68 
•67 
71 
71 


•3216 
•3622 
•3526 
•3968 
•3958 
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stores, except those marked Sampler, which were received from the Makers. 
/ size at fracture; », size at smallest part. 





Breaking 

Wght per 


FBACTUBED 


DiSarence between 


Breaking 
Wght per 


ELONGATION. 


FSACTURE. 


Original and 
Stretched Areas. 


sq. in of 






Original and 
Fractorod Areas. 


sq in of 


Length of part stretched 
In Column 2a 




Stretelied 
Area 


Diameter 


Area. 


Fractured 
Area. 


|Ciy» 


Col. 


Kind 


8. 9. 


la 


11. 


12. 


13. 


14. 16. 


16. 


17. 


18. 19. 


20. 


21. 


22. 


23. 


24. 


sq. in. sq. in 


vet 


lbs. 


inch. 


sq.itt. 


sq. in. sq.in. 


^ct. 


lbs. 


inch. inch. 


in. 


l^-ct. 


V^t. 






•12041 








•o2 


•6281 


•2573 1 






1641 






5 






S 


•1350 








•78 


•4779 


3075 








197 








1 






S 


•1204 


•1255 


16-2 


70,260 


•75 


•4417 


■3437 


•8076 


396 


97,548 


192 


1-86 


80 


232 









s 


•1181 








•75 


•4417 


•3126 








1-88 








1 






s 


•1336 j 






•76 


•4536 


•3162. 








i'&Ij 















s 


•08381 






•71 


•39{>S 


•27921 






1^401 













s 


•0888 1 .rtOQo 
•0838 ['"*** 


12-6 


67,404 


71 
•72 


•8958 
•4071 


•2792 
2579 


•2685 


403 


97,559 


1^38 I 
1^22 


128 


6-0 


218 






1 


s 
s 


•0838 J 






•72 


•4071 


•2679. 








1-14J 











1 


s 


•0792] 








•64 


•3216 


2729. 






1^191 






1 


^ 


s 


0919 
•0919 


•0887 


14^9 


67JL03 


•67 
•68 


•3526 
•3632 


•2419 
•2313 


•fc417 


407 


98,205 


140 *** 


6^4 


23-7 






s 

s 


•091:9 J 






•69 


•3739 


■2206 J 








1^26 J 






3 


s 


•0708) 






•66 


•3318 


•14611 






0^671 






3 


1 


s 


•0809 








•62 


•3019 


•1638 






075 











S 


s 


•0699 


•0606 


13-1 


68,008 


•67 


•3526 


•1131 \ 1210 


26-2 


80,058 


0^62 


0^67 


82 


209 


62 


f^ 


Y 


•0332 








•59 


•2734 


•1337 






0^80 








Or 


1 


s 


•0485 J 








•75 


■4417 


•0485 J 






063. 


V 






68 


Y 


•0465] 








•60 


•2827 


•17091 






1^271 









1 


s 


•0688 
•0466 


0519 


115 


67>838 


•60 
•69 


•2827 
•2734 


•1709 
•1802 


•1702 


877 


95,706 


^•^ 1^ 
1-47 **' 


88 


16-9 






s 
s 


•0459 J 








•60 


•2827 


•1590. 








r46j 









a 


s 


•05691 






•67 


•2552 


•18651 






156 1 











•c 


s 


•0742 r®^*^ 


182 


70.893 


•69 
•60 


•2734 
•2827 


•1683 
•1590 


•1586 


359 


96,267 


172 
1-44 


1-47 


6-8 


21« 






PC 


5 


s 
s 


•0459 J 






•64 


•3216 


•1201. 








II7J 








Or 






s 


•05691 








•69 


•2734 


•16831 






1341 















s 


■0560 
•0459 


•0541 


122 


67,505 


•66 
•61 


•3318 
•2922 


•1099 
•1595 


•1615 


348 


89,279 


130 
125 


1-82 


6-8 


194 










s 
s 


0569. 








•59 


•2734 


•1683. 








140, 













s 


1-05281 








•66 


•3318 


•18671 






1621 








90 




Y 


(•0768 
•0528 


•0486 


9-6 


68,325 


•67 
•67 


•3626 
•3526 


•165) 
•1659 


.1867 


26-3 


77,883 


148 
103 


1-18 


68 


16-6 








s 
s 


•0159. 








•79 


•4902 


•0283. 








0-50. 








80b 




Y 


•05301 






•52 


•2124 


•17241" 






1-611 













s 


•0427 
•0427 


•0478 


124 


65,fi90 


•60 
•52 


•2827 
•2124 


J724[^^ 


40-7 


96,959 


0-88 
1-00 


117 


66 


17-7 


2 







s 
s 


•0630, 








•51 


•2043 


•1805 J 






128. 















s 


•08911 








•50 


■1963 


•24541 






1-571 









k 


p 


•1099 








•62 


•2124 


•2293 








169 











S 


p 


•0785 








•50 


•1963 


•2454 








138 











^ 


p 


•1099 
•0678 


•0888 


201 


67,324 


•62 
•57 


■2124 
•2552 


2-293 
1865 


•2147 


48-6 


104,680 


1-58 
126 


145 


6-7 


216 








% 


•0569 








•60 


•2827 


•1590 








1^20 











Q 


•1201 








•50 


•1963 


•2454 








160 











<a 


P 


•0785, 








•58 


•2642 


•1775. 








129, 











Q 


•03101 






•53 


•2207 


•1319) 






0^60 1 









% 
S 


Q 


•0326 








60 


•2827 


•1131 








0^68 








Or 


^ 


Q 


0322 


•0828 


82 


65,394 


•61 


•2922 


0926 


•1215 


S05 


86,295 


0^68 


0^71 


4^2 


169 


9r 


f 




U 


•0342 








•67 


•3526 


0774 








064 








66 






X 


•0842. 








•56 


•2376 


•1924 








103 J 















Q 
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TABLE B. 



NoTB.— All the pieces were taken prcmiacuoualy from Engineers' or Merchants' 

h denotes bad fracture; r, Bllghtl7 rent; 



Index 

No. 



Names of the 
Milken or Works. 



Deicriptlon 



Weight 



Steelyd. 



Brenklng Weight 
per aqoare inch 
of Origtaxal Area- 



Diameter Area. 



1. 

inch 



264 
266 
266 
267 



270 
271 

272 
273 
274 
276 



277 
278 
279 



280 



284 



290 
291 



294 



Per EcKXAN & Co^ RF 
Gothenburg. 



IXx 



Do. 



Pbivcb Dxmidofv, CCIO 



Do. 



Do. 




•64 



Hahmbbkd Sgbap Iboh. 



BusHBLED Iron fboh Tubkikos. 



Cut out of a Crank-shaft of Hammered 
Scrap Iron, thus — 

I 




and reduced to the required shape in 
the lathe, not on the anviL 



•91 X 

•89 X -66 

•89 X -64 

•89 X -64 

•91 
•9S 
•92 
•90 

•89 X -67 
•91 X -52 
•89 X -66 
•88 X -66 

•91 
•95 
•92 
•92 



♦76 
•75 

•76 
•77 

•76 
75 
•75 
•76 

•86 
•87 
•87 
•86 
100 
1-00 



100 
IXX) 



2. 

sq.in. 

•6624 

•6874 



•6504 
•6806 
•6650 
•6362 

•5073 
•4732 
•4895 
^4840 

•6604 
•7088 
•6660 
•6650 



*4686 
•4418 
•4536 
•4667 

•4636 
•4418 
•4418 
•4536 

•6082 
•6945 
•5945 
•5812 
•7864 
•7854 



•7854 
•7864 



8. 

lbs. 



676 
640 
640 



805 
741 

676 
605 
540 
447 

1105 
1105 
933 
919 



662 
624 

536 
662 

606 
580 
638 
552 

756 
686 
720 
615 
1007 
979 



930 



4. 
lbs. 

48,987 
47,664 
47,384 
47,884 

49,506 



47,534 
46,869. 

65,190 
49,049 
49,418 
44,600 

65,616 
56,447 
52,923 
52,834 



6. 

lbs. 



47,866 



48,232 



49,564 



66,805 



6. 

inch. 

•84 X ^69 
•82 X ^62 
•79 X -56 
•82X'58 

•86 
•86 
•86 
•86 

•84X-53 
•89X^60 
■81 X -50 
•85X-68 



•90 
•88 
•80 



7. 
sq.iD 

•4969 
•6084 
•4424 
•4766 

•6812 
•6674 
•6812 
•6674 

•4452 

•4450 
•4050 
•4605 

•6082 
•6362 
•0062 
•6026 



4,0701 
3,739 I , 
3,205 f* 
2,665 J 



64,070 
62/- 



57,5261 

64,070j 

49,671 
47,619 , 

l?;2Si 47,682 

47,459 
46,450 



tt^}4t«8 



•70 
•70 
•69 
•70 

•82 
•82 
•81 
•81 
•92 
•94 



•94 
•95 



•3632 
•3632 

•3848 
•3848 
•3739 
•3848 



•5163 
•5153 



•6940 



•6940 
•7088 



CorUirmed at 



IRON BAR S— (ci.«««««o. 
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Storeo, except those marked Samples, which were received from the Makers. 
/ size at fracture; s, size at smallest part. 



Difference between 

Original and 

Stretched Areas. 



Breaking 
W^t per 
•q. in of 
Stretched 
Area 



sq. in. sq. in 



•08661 
•0790 
•1272 
•0940 



•1134 



0621 
•0282 
•0846 



•04221 
•0726 
•0668 
•1624 



•0904 
•0892 
•0904 
•1026 

•06881 

•0670 

•0679 



•08011 

■0664 

■0792 

•0669 

•1204 

•0914 



•09141 
•0766 J 



•0888 



•0fi81 



•0885 



•0981 



•0656 



■0840 



la 

yet. 



16-8 



127 



107 



12-4 



205 



147 



128 



107 



11. 

lbs. 



07484 



65,285 



55^9 



67,218 



65,470 



53,610 



49.917 



FBACTUREO 



Diameter Area. 



18. 

inch. 

■57X-37 
•59X-44 
•52X-35 
•62X-42 

•61 
•66 
•60 
•61 

83 X -62 
89X-60 
■65X-i 
60X-42 



■90 
•71 
•61 



•67 
•66 
•68 
•68 

•68 
•65 
'64 



•80 
•81 
•76 
•76 
•86 
•91 



•92 
■96 



18. 
sq.in. 

•2109 
•2696 
•18-20 
•2604 

•2043 
•2876 
•1963 
•2043 

•4316 
•4460 
•1980 



•8968 



•2462 
■2642 
•2642 



•3318 
•3216 
•3682 

•6026 
•6153 
•4417 
•4636 
•6674 
•6504 



•6650 
•7088 



14. 16. 

sq.in. sq.in. 

3716 
■3278 
3876 
8092 



Difference between 

briffinal and 

Fractured Areaa. 



•8490 



44611 
4432 



•4476 



•07671 



2916 
2320 



•1568 



•04221 
0726 



•8728 



19841 
1966 
1894 
2015 

0904 
•1100 
1202 
•0904 

1066 
•0792 
1628 
•1276 
2180 
•1850 



•1898 



•1062 



•1028 



•1364 



•1204) 
•0766/ 



•0985 



18. 

^ct. 



60^5 



680 



321 



281 



432 



22^ 



207 



12*5 



Breaking 
Wght per 

sq in of 
Fractured 



17. 

lbs. 



121,065 



150,760 



73,118 



77,682 



04,105 



72,531 



59,003 



50,971 



18. 19. 

inch. inch. 



SLONOATIOK. 

Length of part stretched 

In Column 20. 



1421 
1-74 
203 
160j 

1^82 
1*0 
207 
1-72 

0-481 
|0^29 
,162 
p90j 

©•57 
0^40 
1^20 
168 



0981 
0^98 
0^92 
0^93, 

o-ee 

0-84 
0-81 
0^60j 



0-60 
0-86 
0^70 
118 
0-88 



167 



1*85 



0-80 



&98 



0-94 



078 



0^71 



100 



VA}^ 



81. 

^ct. 



278 
264 
13^ 
153 

24-8 

16-6 

192 
270 

16-8 



Ciya* Coi Kind 



^p<Ct. 












655 

Or 
8rr 

100 
90r 
05r 
Or 



88. 



n 



•E5 



84. 

K 
K 
K 
K 

K 
K 

I 






'^ 






80r 

80 

66r 

70 

68 



2S 



p 
p 
p 
p 

u 
u 
u 
u 

w 

w 
w 
w 
w 

w 



w 
w 



pages 132, 133. 
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TABLE C. 



l^OTE.— All the pioocs yrere taken promiscuoualjf from Engineers' or Merchants^ 
L (lunotes that the strain was applied lengthways of the plate; G, erosawaps; /, size at fracture; s, size 



Index 


^ 


Names 

of the Makers 

or Works. 


1 


OEIGIXAL. 


Weight 


Breaking Weight 

per square incli of 

Original Area. 


FRACTUBEIX 


Ko. 


^ 


1 


Thick Bdth 


Ansa 


on 
Sieelyd. 


Thick. 


Bdth 


Area 








1. a. 


8. 


4. 


5. 


6. 7. 


& 


9. 


10. 










incji. inch. 


sq. in. 


lbs. 


lbs. 


lbs. . lbs. 


inch. 


inch. 


sq.in. 


901 


/ 


T. TuBTON & Sons. 


L 


•260 X 2-00 


•520 


1447 


95,360 




256X- 


ri-97/ 

1*94^ 


•502 
•495 


802 






Cast Steel. 


U 


•270 X 200 


•504 


1511 


95,144 


^ M,2891 


259 X 


'2^00/ 
1929 


•518 
•497 


903 






n M 


It 


•260 X 2-00 


•520 


1418 


93,796 




V 


■255 X 


1^94 


•495 


304 






U tf 




267 X 200 


•534 


1447 


92,858 J 




95,299 


•259 X 


1-90 


•492 


305 






» u 


c 


•272 X 200 


■644 


1618 


99,952" 
98,519 






•^xj}«/ 


•451 
•441 


306 






W tf 


II 


•268 X 2^00 


•536 


1562 


98,808. 




•238 X 


179 


•426 


307 






H tt 


n 


•268 X 2-00 


•536 


1475 


93,974 
92,788. 




•245 X 


1^85 


•453 


308 






tt tt 


n 


•250 X 200 


•500 


1333 


• 


•^x{;w 


•484 
•479 


309 






Natlob.Vickkrs 


L 


250 X 200 


•500 


1247 


87,972^ 




■230 X 


1^79 


•412 


310 






&Co. 
Cast Steel. 


" 


It 


" 


1219 


86,404 




■226 X - 


ri-85/ 
1-798 


•418 
•405 


311 






It tt 


» 


II tt 


It 


1133 


81,588 




•225 X- 


\^ 


•432 
•414 


312 






„ „ 


1" 


II It 


„ 


1090 


79,180 


81,719] 




•212 X 


170 


•360 


813 






It It 


\" 


It It 


II 


1076 


78,396 






•200 X 


170 


•340 


314 






It It 


II It 


It 


1047 


76,772 J 






•205 X 


175 


•359 










-n 












84435 








815 






II It 


C 


•250 X 200 


•501. 


1376- 


95,1961 






•224 X 


180 


•403 


816 






It II 


It 


// n 


It 


1347 


93,572 






•230 X 


1^80 


•414 


817 






It It 


It 


II II 


„ 


1190 


84,780 


87,150, 




•218 X 


1*72 


•375 


318 






It II 


It 


U II 


II 


1172 


83,772 




•220 X 


175 


•385 


819 






It It 


" 


It II 


,1 


1161 


83,156 




•220 X 


176 


•387 


820 






It u 


" 


It ti 


It 


1148 


82,428J 




•218 X 


171 


•373 


321 


T 


» 


Moss & Gambles, 


L 


•250 X 200 


•500 


1138 


81,5881 




•216 X 


180m 


•889 


322 


^ 


Cast Steel. 


It 


•250 X 2^00 


•500 


1105 


80,020 




•198 X 


l-70m 


•337 


323 


T 




It H 


w 


■238 X 2^00 


•476 


1035 


79,937 




•211 X 


l-79m 


•890 


824 


i 


tt It 


" 


•172 X 2^00 


■344 


619 


76,750 


76,6941 




•138 X 


l'74m 


•240 


825 






II tt 


" 


•188 X 2-00 


•376 


647 


72,303 






•140 X 


179m 


•251 


326 






It H 


It 


•262 X 2-00 


•524 


997 


70,584 






•196 X 


l-65m 


•323 


327 






II U 


" 


•230 X 1-87 


•430 


720 


67,977. 




72,338 


■203 X 


1^64m 


•333 


328 






II II 


C 


•262 X 1-99 


•521 


1012 


71,7961 






•200 X 


1^62m 


•324 


329 






H It 


It 


•262 X 2^00 


•524 


947 


67,912 


\ 69,082 J 




•210 m 


l-72w 


•361 


330 






It II 


II 


•262 X 200 


•524 


940 


67,538. 




•180 X 


l-55m 


•279 


831 






SlIOBTBIDQE, 


L 


•190 X 2-00 


•380 


1154 


108,9001 




•183 X 


1-90 


•347 


a32 






Howell, & Co. 


1/ 


•180 X 2-00 


•360 


976 


101.105 




•176 X 


1-97 


•346 


333 






Homogeneous 


» 


•190 X 1-99 


•378 


990 


97,328 


96,2801 




•178 X 


1-95 


•347 


334 






Metal, 


H 


•190 X 2-00 


•380 


876 


88,416 






■156 X 


1-79 


•279 


335 






It II 


" 


•190 X 1-87 


•356 


762 


85,650. 




93,716 


•148 X 


165 


•244 


336 






'it II 


c 


•190 X 2-OC 


•380 


nil 


105,7321 






•178 X 


1-90 


■338 


837 






II II 


II 


// II 


II 


1033 


99,984 






•178 X 


1^88 


•335 


338 






fi It 


It 


It It 


,1 


1019 


98,953 


97,160j 




■165 X 


1^83 


•302 


339 






H tt 


8 


It It 


It 


991 


96,868 




•179 X 


190 


•340 


840 






n ti 


" 


It II 


" 


819 


84,211 J 




•165 X 


183 


•302 


841 






Do. Do. 


c 


•375 X 2^00 


•750 


2274 


96,989 




•338 X 


1-90 


•642 


342 






Do. Do. 


i^ 


•240 X 200 


.480 


1076 


81,6621 




•220 X 


190 


•418 


343 






Second Qnality. 


250 X 2-00 


•5C0 


1032 


75.932 


fOAno') 


•238 X 


1^94 


•462 


844 






n ti 


Stf 


■250 X 2^00 


•500 


919 


69,604 


T4,Wo 




■230 X 


1-87 


•430 


845 






1 n 


I" 


•250 X 1-95 


■487 


762 


62,435. 






•230 X 


187 


•430 




















72,994 








846 






It It 


Vc 


•250 X 2-00 


•600 


1189 


84,7241 


*n Kftn 




•244 X 


196 


■478 


847 


\ 


It n 


•250 X 1-95 


•487 




762 


62,435. 


• 73,0bUj 


■238 X 


r90 


•452 
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stores, except those marked Samples, which were TeoelTod fi-om the H&ker& 

at smallest part ; m, mean size ; d denotes that the layers axe eaighUy disunited; 5, hil fracture. 



DiflTerenee between 


BrealLiDff Weight 


1 ELONOATIOV. 




7BACTURB. Il 


Prsctnred and Original 


per aqtuire Inch of 


Original Length of Stratehed Part in 




II 






Areas. 


Fractared Area. 


Colamn 21. 




Gnn. 


Kind. 


11. 18. 18. 


14. 16. 


16. 17. 


18. 19. 80. 


81. 


88. 


8& 


84. 


86. 


sq.in. sq.in. sq.in. 


yet. ^ot 


Iba lb& 


inch. inch. inch. 


inch. 


V ct ^ ct 


IP" cent. 




•018 
•026 








•80 










100 


A 


^022 
•043 


•0891 


6.6 




100,0681 


•88 


•88 






6-71 




100 


A 


•025 














•27 












100 


§ 


•042 














•40, 












100 


OQQ% 


050 




9^5 




106,987 


^ 


'480 


5-6 




7«8 






ynfo 
•103 














.67 












100 


C 


•110 
•063 


TO, 




18.4, 




111,811, 




•69 
-62 


•64, 






9-64, 




100 
100 


8 


•016 
•021, 








•28 










100 


A 


•0881 


■ 




0-821 








76 


D 


•062 
•096 








0-96 










100 


B 


•068 
•086 


•107' 




81-4 




104,888 




0-80 


•96' 






1T60' 




65 


D 


•140 














108 















E 


•160 














113 















1 


•141 J 














110 

















100 




^•7 




108JL25 




•975 


5*6 




17 41 






•0971 














0931 












80 


D 


•086 














0-90 












62 


8 

E 


125 
•116 


•111, 




88oJ 




118,018] 




113 
0^90 


•97, 






17-88 








•113 








©•88 













H 


•127. 








110 













E 


•Ill) 






1061 











E 


•163 








1-03 













P 


•086 








MO 













£ 


•104 


•1871 




8821 




105,564] 




117 


111] 






1988 







F 


•125 














1^06 















P 


•201 














107 















a 


•097 J 














r27j 















F 




•104 




334 




109,050 




1106 


66 




1973 






•1977 












MOl 













F 


•163 >-•«». 




88-6J 




118,546 J 




1^05 110 




19^64J 







6 


•245 J 






116 J 











H 


•0381 






271 








100 


A 


•014 








•18 








100 


A 


■031 


•0581 




16-6] 




114,106] 




•2814821 






8-61 




100 


A 


•101 














■68 













F 


•111 














•99 J 













G 


1 


•067 




15-8 




U4,203 


} 


•491 


56 




877 






•042 














•401 












100 


B 


•045 














•45 












83 


D 


•078 


•056. 




14^8 J 




114,800 J 




•70 


•500 J 




898. 




60 


D 


•040 








•35 










96 


B 


•078 J 






•60. 













F 


•103 


144 


113,305 


•62 


36 


144 




100 


C 


•0621 








•431 













J 


■038 
•070 


•0571 




11^5 1 




81,8881 




•20 
•42 


•3881 






5^98 








J 
J 


•057 J 














•28 J 















J 




042 




8-6 




80.084 




•256 


5« 




4-67 






:^^n-«aJ 




6^. 




78,845 




:!S}-^" 






8.81. 




10 

1 


I 
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TABLE C. 



NOTB.— All the pieces were taken promacuoutHy from Engineers' or Merchants' 
L denotes that the strain was applied Ungthwaya of the plate; C, erosstoays; f, size at fracture; s, size 



Index 


1 


Names 

of the Makers 

or Works. 


1 


OBIQINAL. 


Weight 


Breaking Weight 

per square Inch of 

Orlghial A»>a. 


FHACTUBED. 


Ko. 




1 


Thick. Bdth 


Area. 


on 
Steolyd. 


Thick. Bdth. 


Area. 










1. 2. 


3. 


4. 


6. 6. 7. 


& 9. 


10. 












sq.in. 


lbs. 


lbs. lbs. lbs. 


inch. inch. 


6q.in. 


84S 






Mebsey Go. 


L 


•180 X 1-88 


•388 


990 


108^906] 




•176 X 1-86 


•326 


349 






Puddled Steel 


1, 


•180 X 1-90 


•342 


961 


105,199 


_ - - 


•169 X V86 


•313 


350 






(Ship^PUte&) 


1, 


•115 X 1-90 


•218 


447 


99,019 


■ 101,400 




•109 X 1^86 


•208 


351 






M If 


u 


•116 X 1-88 


•216 


391 


92,676. 






•110 X 1-84 


•202 




















93,209 






352 






H It 


C 


•180 X 1-90 


•342 


891 


99,4681 






•173 X 1-87 


•823 


358 






U It 


II 


•180 X 1-88 


•838 


748 


88,800 


84,968. 




•172 X 1^86 


•818 


364 






II II 


„ 


•116 X 1-89 


•217 


362 


88^ 




•112 X 187 


•209 


365 






» 


" 


•102 X 1-89 


•193 


111 


68,098j 




•101 X 1-88 


•190 


366 






Mbesbt Co. 


fL 


•246 X 200 


•490 


1633 


106,1101 


•238 X 1*94 


•462 


357 






Puddled Steel, 




•250 X 200 


•500 


1664 


106,724 [ 102,598 




•244 X 1-96 


•476 


358 


,. 


1 


"Hard." 


If 


•260 X 1-94 


•485 


1338 


95,946'' 




^x{JW 


•471 
•464 




1 














93,979 






369 


s 


M II 


«c 


•260 X 1-95 


•468 


1219 


88,629) 

82,200 J ^^^ 




•248 X 1*90 


•471 


360 


H 


i 


II II 


i 


•250 X 2-00 


•600 


1144 




•^x{}^ 


•481 
•468 


361 






Do. "Mild" Do. 


L 


•250 X 2-00 


•500 


1228 


86,906 } MM t\Ai> > 


•284 X 1-87 


•437 


362 








» 


•250 X 1-95 


•488 


847 


67484 )• ^'^^ 


72,366 


•280 X 1-86 


•428 


363 






II II 


C 


•250 X 1-95 


•488 


876 


68,848) 




•287 X 1-90 


•460 


364 






" 


I" 


•250 X 2-00 


•500 


864 


66,524) ^'^^^ 


•2S5X{}^ 


•461 
•461 


366 






Do. Do. 


L 


•276 X 1-79 


•492 


1047 


78,0201 


■250x}iW 


•464 
•467 


866 






(Ship Plates.) 

w u 


L 


•276 X 1-79 


•492 


819 


[ 71,588 

65,045 J 


•455 
•442 


867 


r 


Blochairn 


{^ 


•190 X 2-00 


•380 


1120 


106,8941 


•186 X 1-97 


•366 


368 






Puddled Steel. 


" 


•190 X 200 


•380 


1118 


106,247 


•181 X 1-96 


•356 


369 






II II 


" 


•190 X 2^00 


•380 


1076 


103,152 108,2341 




•180 X 1-92 


•346 


370 






II II 


i» 


•190 X 2^00 


•880 


1061 


102,047 




•188 X 1*980 


•872 


371 






M II 


f 

sc 


•180 X 2-00 


•360 


876 


93,327 J 


93,316 


•173 X 197 


•341 


372 






II It 


•190 X 2.00 


•380 


890 


89,447^ 






•186 X 1-96 


•363 


373 






M » 


M 


M II 


II 


826 


84,710 






•180 X 1-96 


•353 


374 




p 


W It 


u 


If 11 


fi 


826 


84,710 


84,898j 




•189 X 1-999 


•376 


876 


fi 


U If 


If If 


If 


790 


82,079 




•180 X 1-97 


•855 


376 


c 


i 


H n 


If If 


" 


776 


81,047. 




•189 X 1-99 


•376 


377 






Da Do. 


L 


•312 X 2-00 


•624 


1847 


^M^\ Oft son •» 


•300 X 1"96 


•688 


378 






(Boiler Plates.) 


" 


•812 X 1-75 


•546 


1633 


95;227; ^'^1 


86,010 


•286 X 1-61 


•460 


379 






If II 


c 


•312 X 200 


•624 


1361 


75,606) -jj-fljj 


•309 X 1-98 


•612 


380 


— 




r II 




•312 X 200 


•624 


1276 


71,792 f 78,««J 


•300 X 1-96 


•688 
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stores, except those marked Samples, which were received from the Makers. 

at smallest part ; tn, mean size ; d denotes that the layers are slightly disunited; b, bad fracture. 



Pifference between 


Breaking Weight 




ELONGATION. 


FRACTURE. J 


Fractured and Original 


per square inch of 


Original Length of Stretched Part in 










Areas. 


Fractured Area. 




Column 21. 


Gran. 


Kind 


11. 12, 13. 


14. 15. 


16. 17. 


18. 19. 


20. 


21. 


22. 2a 


24. 


23. 


sq.in. sq.in. sq.in. 


^ct. ^p-ct. 


lbs. lbs. 


inch. inch. inch. 


inch. 


V-ct ^ct 


%>> cent. 




•0121 


1 






•16] 










38 


1 


•029 
•015 


•018 




64] 




109,5521 




•24 
•22 


•212 






2791 




24 
2 


I 
J 


•014. 














•23 















J 




015 




5-4 




100,649 


1 


^ 153 


76 




202 






•0191 














•10 












30 


I 


•020 
•008 


•012 J 




i-4. 




91,746] 




•08 
•15 


•095. 






126 . 




8 

1 


i 


•oosj 








•osj 










06 


JL 


•0281 






•281 










85 


lA 


•021 J 




4^61 




107,8271 




•20 


•272 






4^861 




90 


lA 












•34 












52 


lA 




•022 




4-6 




98,472 




228 


56 




408 






•017 ■) 












•131 










62 


lA 


019 [(XiZ. 
•032 




4-7. 




8e,116J 


•24|-1««J 






880 




55 


lA 


•060 r^2 




^•6 




88,240 




.|f}-345 






616] 


33 



I 
J 


•0381 


052 




105 




80,937 


•311 


332 


56 


i 5-94 


2 


J 


•039 •043 
•049 J ' 




BS 




78,684 




•83 jH 






5-72 J 





J 


•0281 
•050 J 


T6 


77,620 


•22 

•18 

J 


•200 




56 


8-57 


1 

Od 


J 
J 


•0141 






•221 










82 


lA 


•025 






•26 










85 


lA 


•034 020^ 




^•Sl 




108,0791 




•30 


•202^ 






8601 




65 


lA 


•008 












•16 












78 


lA 


•019. 












•08 












80 


lA 




018 




48 




97,978 




•176 


5-6 




814 






•017 














•281 










38 


I 


•027 














•18 










28 


I 


•004 


•016, 




42 




87,877, 




•07 160 






2*68. 




90 


lA 


•025 








•14 








6 


J 


•004 








•08J 








85 


IK 


Z}^ 


042 


10^4 


1" 


107,614 


92,180 


:?i}-^ 


470 


7-6 


8-22^ 


618 


44 
2 


^ 


■^}o^ 




3-8 


1 


76,646, 




:!?}•»«. 






414, 




30 
5 


K 

L 


1 
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TABLE D. 



NoTB.— All the pieces were taken promacuoutly firom Engineers' or Merchants' 
L denotes that the strain was applied lengthways of the plate; G, croaswaya; /, size at fracture; a, size at 



Index 


1 


Names 

of the Makers 

or Works. 


1 


OBIQIKAI/. 


Weight 


Breaking Weight 

par sqaare inch of 

Original Ai«a. 




No. 


1 


Thick. Bdth 


Ansa 


Steelyd. 


Thick. Bdth. 


Area. 












1. 2. 


8. 


4. 


6. 6. 7. 


a 9. 


10. 












inch. inch. 


sq.in. 


lbs. 


Ihs. lbs. lbs. 


inch, inch* 


sq.in. 


401 


/ 


Lowxoos. 


L 


•312 X 2-00 


•624 


966 


57^11 




•266 X 1-87 


•477 


402 




H 


W 


f> 


» X 1-80 


•662 


763 


54,163 




•276 X 1-67 


•459 


408 




n 


v 


m 


» X 1-78 


•666 


678 


60;^ 


68,0001 




•260 X 1 70 


-442 


404 




H 


II 


H 


» X 2-00 


•624 


790 


49,986 






•260 X 1-87 


•486 


406 




tt 


H 


H 


M X 2-00 


•624 


738 


47,426 




51,257 


•276 X 1-95 


•536 


406 




If 


n 


c 


II X 200 


•624 


910 


65,8681 




•275 X 1-90 


•522 


407 




„ 


M 




./ X 1-78 


•666 


720 


52,669 






•275 X 1-68 


•482 


406 




M 


II 


w 


n X 200 


•624 


761 


48,682 


60,515' 




•295 X 1-96 


•578 


409 




n 


H 


w 


H X 1-78 


•656 


636 


48,429 




•800 X 171 


•613 


410 




" 


» 


u 


» X 2-00 


•624 


783 


47,426 




•287 X 1-91 


•548 


411 




Bowling. 


L 


•396 X 1-78 


•703 


1019 


68,4881 




•362 X 171 


•619 


412 




w 


II 




•400 X 1-80 


720 


1083 


52,770 




•362 X 176 


•687 


413 




w 


M 


» 


•326 X 200 


•660 


888 


51,991 


68,2861 




•280 X 1-92 


•638 


414 




«f 


» 


H 


.400 X 2-00 


•800 


1147 


51,485 






•846 X 1-85 


-638 


416 




n 


m 


II 


•375 X 2-00 


•760 


1064 


61,443. 






•830 X 1-92 


•634 




















49,338 






416 




u 


1 


c 


•376 X 2-00 


•760 


1019 


60,1861 






•350 X 1-94 


•679 


417 




It 


II 


It 


•412 X 1-78 


•733 


933 


48,014 






•388 X 1-76 


•679 


418 




» 


» 


„ 


•400 X 1-78 


712 


846 


46,008 


46,441 j 




•392 X 176 


•€86 


419 




u 


H 


u 


•400 X 2^00 


•800 


961 


44,972 




•375 X 1-95 


-731 


420 




w 


m 


w 


•825 X 200 


660 


676 


43,074J 




•312 X 1-98 


•618 


421 


\\ 


Fabnlby. 


L 


•375 X 2-00 


•750 


1304 


69,443^ 




•320 X 1-89 


•605 


422 


IS 


» 


II 


M 


•876 X 2O0 


760 


1219 


57,602 


. JiAAflJC^ 


•350 X 1-91 


•668 


423 


« 


w 


H 


It 


•375 X 2^00 


•760 


1161 


55.437 


' OQ,UUO 




•320 X 1-89 


•605 


424 


u 


w 


U 


II 


•365 X 20C 


•710 


983 


61,641, 






•296 X 1-87 


•652 




jS 
















5tU3 






426 




m 


m 


c 


•375 X 2 00 


•760 


1019 


50,1861 




•338 X 1-92 


•649 


426 




w 


u 


l» 


•375 X 2K)0 


•750 


990 


^'^l4fiMl 




•326 X 1-92* 


•624 


427 




u 


II 


m 


■355 X 200 


710 


821 


45,162 f **>*** -^ 


•330 X 1-90 


•627 


428 




u 


H 


II 


•375 X 2-00 


750 


762 


40,641 J 


•345 X 1*94 


•669 


429 




Do. 


Do. 


L 


•245 X 2KX) 


•490 


747 


61,1841 


•196 X 1-86 


•364 


430 




u 


» 


u 


•259 X " 


•618 


761 


58,646 f 68,487 1 




•212 X 1*92 


•407 


431 




n 





u 


•230 X " 


•460 


690 


55,631 J 


56.292 


•208 X 1-96 


•405 


432 




u 


M 


c 


•250 X " 


•600 


761 


60,7561 






■230 X 1-94 


•416 


483 




H 


II 


II 


•245 X » 


•490 


783 


60,396 






•215 X 1*94 


•417 


434 




U 


m 


u 


•260 X " 


•600 


619 


62,804 


JSAOBS 




•237 X 1-96 


•464 


436 




« 


u 


It 


•245 X " 


•490 


662 


60,625 


09^voe> 


•228 X 1-95 


•447 


436 




II 


u 


It 


•250 X " 


•600 


676 


60,396 




•280 X 1-95 


•448 


437 




u 


II 


II 


•250 X " 


•50fl 


662 


49,612. 




•246 X 196 


•480 


438 




Do. 


Do. 


(^ 


750 X 1-50 


1125 


2189 


62,6441 




•645 X 1-34 


•864 


439 




II 


» 


\" 


It X " 


1^125 


2034 


58,686 


.MLASn^ 


•590 X 1-21 


714 


440 




u 


II 


i" 


II y. It 


1125 


1940 


56,347 


• OOfVil 




600 X 1-25 


•750 


441 




» 


u 


Sir 


" X " 


1125 


1933 


56,172 J 






•625 X 1-34 


•838 










k 










56,735 






442 




» 


H 


,/ X « 


1125 


1948 


66,6461 




•655 X 1*37 


•897 


443 




m 


U 


" X " 


1126 


1948 


^'^IfiSOaa 




•660 X 1-37 


•904 


444 




II 


II 


H 


" X •^ 


1125 


1849 


54,082 f*®'"** J 


•620 X 1-32 


818 


446 


\ 


u 


» 


I" 


745 X 1-47 


1^096 


1747 


62,966j 


•670 X 1-42 


•951 


446 


r 


CONSBTT. 


L 


•780 X 1-62 


1-264 


2132 


54,4031 


•705 X 156 


1-100 


447 




II 


II 


II 


•775 X 1-62 


1-256 


1996 


51,718 161,2451 




•712 X 1-65 


1104 


448 


i 


II 


It 


II 


•780 X 1-40 


1*092 


1533 


47,613j 




•698 X 1-34 


0-935 


449 


1 


II 


II 


C 


780 X 1-40 


1-092 


1533 


47,6181 


48,979 


•706 X l-35» 


0-952 


460 


H 


II 


n 


•840 X 1-00 


0^840 


1076 


46,664 I AATifi 




•776 X 0-97 


0^752 


461 




H 


■ II 


It 


780 X 1-40 


1^092 


1490 


46,611 «^^»^ 


•737 X 1^37 


1-010 


452 


" 


n 


H 


775 X 1-40 


1086 


1461 


46,062 J 


710 X 137 


0-973 
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Stores, except those marked Samples, which were received fSrom the Makers. 

smallest part ; m, mean size ; t denotes that the layers are rather imperfectly velded; (, bad fracture. 



Dlflbrenee between 

Fraofcared and Original 

Areas. 



11. 13. 
sq.iiL sq.in. 



•1021 

•098 

^6 

•042 

•076 



•084 
•083 
•112 
•162 
•116 

•0711 

•064 

•026 

•069 

•082 



•146 
•168 



•118 



•072 



•1111 



•060 



•132 



13. 

sq.in. 



•095 



080 



•1011 
•081 J 



•1261 
•111 \ •097 
•066] 



•0541 

•078 

•036 

•043 

•052 

•020 



115 



072 



•261 
•411 
•876 



•307 
•144. 



•046 



•8831 



•279 



•225 



•1681 



•1401 
•112 J 



•131 



14. 16. 

^ct. ^ct 



19-71 
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I6^81 



6-9 



17-8 



18-2 



20-0 



I1^4 



29-6 



20-1 



1811 



10^2 



16'9 



111 



16-5 



157 



248 



11-7 



BreakiBfr Weight 
per aqoare inch of 
Fractared Area. 



16. 17. 

lb& lh& 



64,746 



67,888 



61,065 



61,7161 



55,862 



60,009 J 



68,768 



68;»8 



70,638 



69,698 



884131 



68,961 



69,183 



62.060 



61,028 



65J18 



76,036 



55,616 



SLONOATIOir. 

Origrinal Length of Stretched Part in 
Colomn 21. 



18. 
inch. 

•841 



19. 20. 

inch. inch. 



■74 



•601 

•60 

•40 

J52 

•46 



•601 

•43 

•69 

•84 
•78 

•581 

•27 

•20 

•S3 

•25 



103 
1-06 
1^00 
1-20 

0-681 
0^70 
0-72 
0-S3 



•62 



•66 



0*63 



049 



107 



0^68 



0-82 



041 

•77 y 

68j 



104 
0-77 


0-58 
0-68 
0^27 
0-4d 
0-41 
0-24 



1261 
151 
138 
1-08 

0-90 
0-90 
103 
0^60 



0-581 
0-54 
0-38 J 

040 
0-50 
0-28 
0-26 



083 



046 



129 



0-86 



0-60 



0-86 



064 



1-07 



0-43 



21. 

inch. 



5*6 



56 



76 



76 



76 



56 



22. 2& 

^ct ^ct 



18-21 



9^8 



11-6 



6-9 



1411 



76; 



10^91 



11*25 



8-75 



10^85 



8-40 



69 



17-01 



118 



8-931 



648 



1415 



768 



FBACTUSB. 


Ciye. 


CoL 


Kind 


24. 


26. 


26. 


V'Ct. 










• 


S! 







M 







M 


Ot 




M 


8 


b> 









1 




















s 




45 

80 

It 


1 


§ 


Ot 


t 


M 







M 





s 





20 


■e 


QO 


10 


k 


QO 







P 


Ot 


1 


P 


1 


«« 


M 


4 


►i 


MQ 






1 


M 
M 





tc 








"Si 





0. 


'C 





O&t 


I 


p 





es 


M 





*« 


M 


Ot 




M 







2 


Oi 


3 










O 



Oi 


1 









§ 


M 





•3 


MN 


16 


o 


NQ 







MN 


55 

8 




.^ 


Ot 




ON 


45i 


^ 


Q 


45t 


. 


sv 


80i 


o 


sv 


50 


i 


sv 


85t 


sv 


22t& 




V 


6 


t 


V 


46 




sv 
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TABLE D. 

Note.— All the pieces were taken promiscuously from Engineers* or Merchants' 
L denotes tliat the strain was applied lengthtoays of the plate; C, erosaways; f, size at fracture; *, size at 



Index 

No. 



453 
454 
456 

456 
457 
458 



459 
460 
461 
462 
468 
464 

465 
466 
467 
468 
469 
470 



471 
472 
473 

474 
475 
476 



477 
478 
479 
480 
481 
482 
483 

484 
485 
486 
487 
488 
489 
490 



491 



494 
495 



497 



500 
501 
502 



Ncmes 

of the Maker* 

or Works. 



J. Bradley & Co., 
S.C. S> 



Do. L F Do. 



Thick. Bdth Area 



Do. 



T. Wells, Best Best 



K. B. M. 



MossEND, Best Best. 



1. 2. 

inch. inch. 



8. 

sq.in 



Weight 



Stoelyd. 



•480 X 2-00 0-960 
•500 X 1-99 •0'995 
500 X 1-99 0-996 



•480 X 2-00 
■506 X 1*98 
•500 X 1-99 



350 X 1-78 

412 X 1-80 

•388 X 1-99 

350 X 1-78 

392 X 2-00 

•470 X 2-00 

•415 X 1-80 
•870 X 1-80 
•480 X 1- 
•370 X 1*75 
•400 X 2-00 
388 X 2-00 



•500 X 1-99 
■890 X 1-99 
390 X 2-00 

•512 X 1-99 
■400 X 2-00 
•400 X 1-99 



■600 X 1*97 
■500 X 1-65 
•610 X 1" 
•510 X 1-72 
•510 X 1-72 
306 X 1-99 
•304 X 1-99 

•505 X 1-97 
■500 X 2-00 
•605 X 2^00 
•505 X 1-99 
•500 X 2^00 
•300 X 1-97 
•310 X 2^00 



312 X 200 

312 X 1-78 

312 X 1-78 

312 X 1-78 

•312 X 1-78 

•312 X 200 



•400 X 200 
•410 X 200 
•400 X 200 

•410 X 2-00 
•400 X 2-00 
•400 X 200 



0960 
1-002 
0^996 



•742 
•772 
•623 

•784 
■940 

•747 
•666 
•955 
•647 
•800 
•776 



1633 
1591 



1676 
1419 



1038 
1276 
1218 
904 
1211 
1612 

1162 
961 

1447 
819 

1076 
990 



Breaking Weight 

per sqaare inch of 

Original Area. 



5. 
lbs. 



6. 

lbs. 



68,6341 

65,070 U5,8811 
63,888 J 

65,4141 
48,706 \ 50,660 
47,682 J 



7. 
lbs. 

63191 



60,986 
60,374 
66,926 
66,188 
64,819 
64,687 

66,6971 

64,021 

51^22 

49,462 

48,997 

47,410 



56,996 



51,251 



54028 



0^995 


1833 


0776 


1204 


0780 


1106 


1-019 


1633 


0-800 


1105 


0-796 


1019 


0-985 


1590 


0-825 


1276 


1-015 


1447 


0-877 


1105 


0-877 


1105 


0-609 


591 


0-605 


662 


0-995 


14.33 


1-000 


1433 


1-010 


1426 


1-005 


1361 


1-000 


1333 


0-591 


591 


0-620 


619 


-624 


820 


-555 


662 


666 


533 


-555 


576 


•555 


562 


•624 


661 


•800 


933 


•820 


944 


•800 


90G 


•820 


961 


•800 


890 


•800 


762 



60,6971 
55,131 V 55,706 
51,295 J 

£1,0251 
50,012 1 49,425 
47,238 J 



54,406 
54,301 
48,858 
45,621 
45,621 
42,066 
41,002 

49,4411 

49,194 

48,513 

46,943 

46,394 

43,347 

42,681 



47,4101 



46^680 



47,020 



FRAGTDBED 



51,2851 

44,696 ^46,404 
43,232 J 

45,4021 

44,696 I- 44^764 j 
44,196 J 

43,9921 

43,295^43,4831 
43,012 J I 

43,875 1 I 

42,487^41.456 J 
88,007 J 



46,684 



42,445 



Thick. Bdth. Area. 



& 9. 

inch. inch. 

•410 X 1-84 
•440 X 1-86 
•470 X 1-86 

•446 X 1-94 
•470 X 1-89 
•480 X 1-95 



•812 X V 
•362 X 1-70 
•346 X 1-88 
•812 X 1-68 
•356 X 1-88 
■438 X 1-90 

•387 X 1-75 

•360 X 1-76 

•455 X 1^ 

•337 X 1 70 

•388 X 1-96 

•362 X 1*94 



•466 X 1-87 
•350 X 1-85 
•350 X 1-96 

•488 X 1-92 
•376 X 1-96 
•378 X 1"94 



•462 X 1-92 
•476 X 1-62 
•480 X 1-92 
•490 X 1-69 
•490 X 1-69 
•298 X 1-95 
•296 X 1-98 

•494 X 1-97 
•470 X 1-97 
•480 X 1-95 
•485 X 1-96 
•485 X 1-98 
•292 X 1-96 
•302 X 1-97 



•280 X 194 

•300 X 172 

•290 X 1-72 

-290 X 1-73 

-300 X 1-73 

•305 X 1-97 



•380 X 1*97 

•395 X 1-98 

•380 X 1-98 

•385 X 198 

•386 X 1-98 

•390 X 1-99 



10. 

sq.in. 
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stores, except those marked Samples, which were received from the Makers. 

smallest part ; m, mean size ; t denotes that the layers are rather imperfectly welded; 'b, bad fracture. 





Breaking Weight 


KLONOATIOK. 






niACTURE. 


Fractured and Original 


per square inch of 


Original Length of Stretched Part in 










Areas. 


Fractured Area. 


Column 21. 




Crj-s. 


Col. 


Kind, 


11. 18. 18. 


14. 15. 


16. 17. 


18. 19. 80. 


81. 


88. 


8& 


84. 


85. 


86. 


sq.in. sq.in. sq.in. 


^ct. ^ct 


lb& lb& 


inch. inch. inch. 


inch. 


IP" ct ^ ct 


vet. 






•2061 






•881 








5 




N 


•181 y -1691 
•121 J 




ITS'! 




67,4061 




•65 -70 

•68 J 




18J 




Ot 
3» 


1 


{? 




130 




181 




6L306 


•51 


5-6 




900 




>^ 




•0971 












•881 








8 


1 


NV 


•lU 1- -ooo 




9K)J 




55,806] 




•36 81 J 




6-5, 




It 




NV 


•059 J 

1 '' 






•20 J 








1 


1 


NV 


•099) 






•821 








10 


1 


NS 


•127 








•80 


1 








15 





NS 


•123 
•099 


•112 




150 




66,8581 




•68 
•74 


■73 






180 




40 
3 


1 


NS 
N 


•117 














77 















N 


•108 














•56. 












5 


td 


N 




-089 




11*8 




61,464 




53 


5*6 




945 




S 




•0701 














•35 












10> 


NV 


•060 














•30 












30 


a 


S V 


091 
•074 


•066 




s-oj 




56,070 




•40 
•38 


•83 






59. 




It 
6 


NV 
NV 


•040 








•25 










6 


.2 


NV 


074 J 








•80. 










1 


1 


NV 


1541 






•58] 








60 





8N 


•1291-1871 


149] 




66,658] 




•75 I -601 






107 




1 


1 


N 


■098 J 










•47) 










1 


N 


[099 




114$ 




59,827 




•45 


56 




790 




m 




.0821 










•321 . 










40 


2 


s 


•069 •071 J 


8^1 J 




54,008J 




•30 -SO 






61. 




6 


« 


NV 


•063 J 






•27 J 








1 


NV 


•0981 






•501 








23 




U 


056 








•38 










20 




u 


•093 








•42 










4 




u 


•049 


•0561 




6-71 




61,6811 




•29 


•801 






40 




2t 




u 


•049 














•27 












2 


1 


u 


•028 














•13 












9t 


u 


•019. 














•08 j 












lOit 


u 


' 


O50 




5-8 




49935 




•28 


76 




370 






022' 














•23^ 












30t 


1 


vs 


•074 














•40 












10 


5 


V 


•074 














•42 












4 


S 


V 


•055 
•040 


•OM. 




49 




48,848. 




•30 
•17 


•86. 






84 




10 
15 


1 


^ 


019 








•08 










It 


(fl 


V 


■025. 








•25 J 










1 


1 


V 


•0811 






•46) 








3 


u 


•039 -069 




10-8 




61,896] 


-28} •341 




6-1 




0» 


u 


•056, 










•28 J 








06t 




u 




048 




88 


49,893 


29 


5-6 




5-20 








•0531 










•331 








Ot 




V 


•036} -037, 




64J 




47,891 J 


•26 - -841 




4-8. 




lit 




V 


•024; 






•14 J 








15t» 


^ 


V 


•0511 






•271 








2 




w 


•038y-0461 


6^7 




46,038 




•28 V ^85 






8-8 




30 


S 


WR 


•048 J 










•24 J 










36i 


8 


WR 


1 043 




. 6-3 




44,830 




24 


76 




810 






•0581 










•821 










20 


>> 


WR 


038 -040. 


4^, 




48,688. 




•23^ 88 






89 




25 


S 


WR 


•024 J 






•12/ - 








2t 





W 
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TABLE D. 



Note.— All the pieces were taken promiscuously from Engineers' or Merchants' 
L denotes that the strain wsis applied lengthways of the plate; C, crossways; /, size at fracture; s, size at 



Index 


1 


======= 

Names 

of the Makers 

or Works. 


1 


OBIGIKAL 


Weight 


Brt»klng Weight 




No. 


1 ' 


Thick. Bdth 


Area 


Steelyd. 


per SQQare Inch oi 
Original Ax«a. 


Thick. Bdfh. 


Area. 











1. 2. 


8. 


4. 


5. 


6. 7. 


& 9. 


10. 










inch. inch. 


sq.in. 


Ihs. 


lbs. 


lbs. lbs. 


inch. inch. 


sq.in. 


603 


/ 


Glasgow, 


L 


•400 X 1-76 


0^700 


1084 


66,8171 




•362 X 1-72 


0^623 


504- 






Best Boiler. 


II 


•660 X 200 


1*312 


2293 


66,510 




•620 X 1-94 


1^202 


605 






M » 


II 


•375 X 2-00 


0^750 


1164 


66,176 


lUHUA*) 


•345 X 1-90 


0^655 


506 






H H 


If 


•375 X 200 


0-750 


1147 


54,907 


09,M» 




•350 X 1-92 


0672 


607 






H H 


II 


•400 X 1-78 


0-712 


1028 


53,166 






•360 X 1-70 


0-612 


608 






m » 


" 


•680 X 1-50 


0-870 


1168 


48,016 J 




51,849 


•632 X 1-46 


0^777 


509 






m tt 


C 


•400 X 1-75 


0700 


1000 


52,9591 






•376 X 172 


0-646 


610 






» If 


It 


•375 X 200 


0-750 


1033 


60,669 






•372 X 1-97 


0-733 


611 






»/ M 


M 


•400 X 1-78 


0712 


916 


48,761 


48,848. 




•862 X 1-70 


0-615 


512 






U W 


„ 


•375 X 200 


0-750 


962 


48,000 




:360 X 1^95 


0702 


613 






W »/ 


n 


•660 X 1^60 


0990 


1336 


46,947 




•636 X 1-49 


0-948 


614 






w w 


II 


•620 X 1-60 


0-930 


1196 


46,761. 




•686 X 1-48 


0-854 


616 






Glasgow Ship. 


L 


•188 X a-00 


0-876 


393 


53y3701 




•180 X 1-97 


0-356 


616 






// It 


II 


•637 X 1-65 


1061 


1690 


60,989 




•620 X 163 


1-010 


617 






u » 


n 


•312 X 1^97 


0^616 


761 


49,395 


47,7781 




•302 X 1-95 


0-689 


618 






n » 


II 


•637 X 1-50 


0-965 


1304 


47,730 




•620 X 1-47 


0911 


619 






M » 


,1 


•705 X 1-50 


1067 


1476 


47,680 






•656 X 1-48 


0-969 


520 






» M 


II 


•390 X 200 


0780 


720 


37,474 J 




4a064 


•386 X 1-99 


0-768 


621 






w » 


c 


•180 X 1-97 


0-855 


306 


493421 




•176 X 197 


0-347 


622 






» tt 


II 


•812 X 1-97 


0-615 


761 


49,396 






•808 X 1-96 


0-604 


623 






H M 


n 


•730 X 1-50 


1^096 


1448 


45310 


. 44Sfifi 




-690 X 1-45 


1-000 


624 




) 
•i 


U tf 


II 


•660 X 1-66 


1072 


1890 


44,766 


««,aooj 


•640 X 1*64 


1-050 


625 




H W 


II 


^7 X 1-67 


1^064 


1362 


44,366 




•625 X 1-66 


1-037 


626 


1 


tt II 


tl 


•390 X 200 


0-780 


680 


82,460. 




•888 X 200 


0^776 


627 


1 


Makers' Stamp 


L 


425 X 2-00 


0-850 


1189 


49,8381 




•390 X 1-92 


0-749 


528 


uncertain. 


II 


•426 X 1^98 


0-841 


1161 


49,439 




•400 X 1-96 


0-784 


629 






n II 


II 


•©76 X 166 


1114 


1619 


48336 


, 47 gQg > 


•642 X 1-63 


1-046 


630 






II II 


II 


•626 X 150 


0^937 


1308 


48,766 


■ «f,9VO 




•560 X 146 


0-808 


631 






II It 


II 


•340 X 1-79 


0^609 


664 


46,422 






•306 X 175 


0-534 


532 






11 v 


" 


•238 X 2-20 


0-476 


412 


43,290, 




41140 


•220 X 1-97* 


0-433 


533 






II II 


C 


•676 X 165 


1114 


1447 


44,5121 




•655 X 163 


1-068 


634 






H II 


II 


•626 X 1^60 


•937 


1084 


42,072 






•580 X 1-46 


•847 


635 






U H 


It 


•426 X 2O0 


•850 


905 


40,482 


4AAftft 




•412 X 1'95« 


•803 


536 






U U 


II 


•238 X 2-00 


•476 


867 


40,066 


W,008J 


236 X 1-99 


•470 


537 






II II 


t, 


•260 X 2^00 


•600 


384 


39,644 




•248 X 1-99 


•483 


638 






II II 


II 


•830 X 1-80 


•694 


468 


87,330j 




•326 X 1-78 


•578 


539 






GovAN Best. 


L 


•246 X 1-97 


•483 


633 


49,6771 




•226 X 1-94 


•436 


510 






M U 


II 


•366 X « 


•719 


878 


46,806 




•850 X 1^95 


•682 


541 






It II 


II 


•246 X " 


•483 


476 


46373 


ASQAS*) 


•280 X 1-94 


•446 


642 






II II 


II 


•880 X •/ 


•748 


847 


48,831 


«0,9« 




•362 X l-96» 


•706 


643 






U II 


II 


•605 X i' 


•996 


1047 


38370 






•482 X 1^95 


•940 


544 






II H 


" 


•360 X « 


•709 


648 


38,398. 




41,748 


•360 X 196 


.679 


546 






II II 


C 


•245 X " 


•483 


419 


43,0691 




•245 X 1 97 


•483 


546 






II II 


II 


•880 X « 


•748 • 


820 


42,783 






•376 X 196 


737 


647 






II II 


II 


•605 X " 


•995 


1089 


89,761 


89,644. 




•480 X 196 


•936 


648 






II II 


II 


•365 X i' 


•719 


662 


38395 




•368 X 1-95 


•688 


549 






II II 


II 


•366 X " 


•719 


621 


36,798 




•362 X 197 


•718 


560 


\ 


II II 


" 


•346 X " 


•483 


305 


36,460 




•246 X 1-97 


•483 
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stores, except those marked Samples, which were received from the Makers. 

smallest part ; m, mean size ; i denotes that the layers are rather imperfectly welded; b, bad fracture. 



Difference between 

Fractured and Original 

Areas. 



u. 

sq.in. 

•077 
•118 
•096 

.078 
•100 
•093 

•0551 

•017 

•097 

•048 

'042 

•076 



•0211 
•041 \ 
•026 \ 

•044 r 

•068 I 
•012 J 

•008 
•Oil 
•096 
•022 
•027 
•004 



•1011 

•057 

•068 

•134 

•075 

•043 

•046 
•090 
•047 
•006 
•017 
•016 



•0471 

•037 

■037 

•042 

•055 

•030 

•0001 

•Oil 

•059 

•031 

■006 

•000 



18. 18, 

sq.ln. sq.in. 



•094 



•056 



076 



034 



•079 



•087 



-041 



068 



•018 



•030 



14. 15. 

^ct. ^ct 



11-0 



66 



4-8 



8-4 



9-8 



6-0 



88 



41 



74 



6^0 



2-6 



4-8 



BreaJdng Weight 
per aqoare inch of 
Fractured Area. 



16. 17. 

Ihs. lbs. 

60,588 



58,852 



49-816 



46,848 



58,182 



48,436 



45,886 



40,684 



66,387 



47.680 



48,304 



43,266 



ELONGATIOK. 

Original Length of Stretched Part in 
Colomn 21. 



18. 19. 80. 

inch. inch. inch. 



29 
■28 
31 
11 

•07 
18 
35 
16 
16 
•05 J 



•85 
•20 
•23 
•50 
•36 
•35 J 

•18 
•25 
-08 
•05 
14 
•16 



•40 
•20 
•27 
•27 
•24 
•18 

•031 

•16 

•24 

•13 

•07 

•OSj 



-681 



390 



• ^871 



•16 J 



•216 



•14 



•236 



•186 



81. 

inch. 



6-6 



76 



6*6 



76 



88. 8& 

^ ct ^ ct 



9-81 



4-6 



8-66 



811 



69 



86 



8-4 



14 



696 



2*83 



4*20 



240 



pages 136, 137. 



Ciya. CoL 



84. 85. 

^ct. 



73 



R 
R 
R 
R 
U 
RU 

R 

R 

U 
RU 

R 
RU 



W 
T 
RU 
R 
R 
T 

R 
W 
W 

T 

T 
TW 



RW 
RW 
W 
W 
W 
W 

W 
W 
TW 
W 
W 
W 



U 
WT 

W 

W 
WT 

W 

W 

W 

WR 
W 
W 
W 
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TABLE E. 



NoTB.— All the pieces were taken promiseuously from Engineers' or Merchants' 
t denotes that the layers are rather imperfectly welded ; 



Index 

Ko. 



Karnes of the Maker* or Worka. 



Area 



Weight 



8teel>-d. 



Breaking Weight 

per sqaare inch of 

Original Area. 



FRACTUBED 



Thick. Bdth. Area. 



601 

602 
603 
604 

605 
606 
607 
608 

609 
610 
611 

612 
613 
614 
616 
616 
617 

618 
619 
620 
621 



623 
624 



Glasqow, Ship Beam. 



DuNDYVAN, Ship Strap. 



MossEND, Ship Strap. 



Thobneycroft, Ship Strap. 



CoNSETT, Ship Angle-iron. 



DowLAiB, Ship Beam. 



1. 2. 

inch. inch. 

•600 X 1 96 

•500 X 1-96 

•360 X 1-97 

•360 X 1*97 

•688 X 1-66 

•650 X 1-67 

■500 X 1-72 

•675 X 1-66 

•670 X 1-97 
•690. X 1-00 
1 000 X 1-co 

•480 X 1-97 

•470 X 1^72 

■500 X 1-96 

•470 X 2-00 

•470 X 2-00 

•600 X 1-96 

•570 »i 1-66 

•570 m 1^66 

•528 »» 1-72 

•700 TO 1-00 

•520 X 1-79 

•530 X 1 79 

•630 X 1 79 

•525 X 1-97 



8. 

sq.in. 

•980 
•980 



1142 

1^085 
0-860 
0955 

1123 
0-690 
1000 

•946 

•808 
•980 
•940 
■940 
•980 

•940 
•946 
•908 
•700 

•931 

•949 

•949 

1034 



i. 

lbs. 

1792 
1691 
1019 
1005 

1982 
1819 
1361 
1583 

1761 
780 
1088 

1690 
1276 
1635 
1419 
1404 
1361 

1633 
1504 
1334 
762 

1133 
1146 
1047 
1076 



5. 
lbs. 



6. 
lbs. 



60,466 1 

W,712 f -. oow 
64>76fW'837 

64,006 J 
66.638 "I 

64,444 J 

51,9851 

44,797 46,439 

39,634 J 

56,6491 

55,443 

53,112 .50709 

51,917 <>A7»» 

51,470 

48,141 



64,962 
64,103 
61,125 
43,037 

43,8171 
43,370 
40,449 
37,909, 



50,807 



4L386 



& 9. 

inch. inch. 

•426 X 1 80 
•435 X 185 
•315 X 1-91 
•315 X 1-91* 



•615 X 1-57 

•685 X 1^60 

•460 X 1-67 

•625 X 1-61 



•525 X 189 
•448 X 0-98 
•946 X 098 



^446 
•395 
•465 

•428 
•428 
•470 



1-92 
161 
1-89 
1*95 
192 
1-90 



•512 m 
•525 m 
•500 m 1^66 
•640 m 0-97 



167 
159 



•478 X 1-74 
•483 X 1^70 
•506 X 175 
•484 X ^915 



10. 

sq.in. 

•766 
•805 
•602 
•602 

■966 
•936 

•768 
■845 



•854 
•636 
•879 
•835 
•822 



•804 
•835 
•830 
•621 



•821 

•886 
•944 



Conthiived cU 



IRON STRAPS, Zc. 

Stores, except those marked Samples, which were received from the Makers. 
b, bad fracture : *, size at smallest part ; m, mean thickness. 



129 



DifTorence between 

-Fractured and Original 

Areas. 



11. 12. 

sq.in. sq.in. 



•2141 
•176 

•087 
•087 J 



■141 



•176 
•149 
•092 
•110 

•131 1 
•055 
•074 J 

■092 
•172 
•101 
•105 
•118 
•087 

•142 
•111 
•078 
•079 



•1-28 
•064 
•090 



^ 132 



087 



•118 



•108 



14. 

^ cent. 

16-9 



130 



9-2 



121 



117 



98 



Breaking Weight 
per sqoaro inch of 
Fractared Area. 



16. 
lb& 

67;606 



68-635 



60469 



69,918 



684301 



46.844 



ELOMQATIOy. 

Original Length of Stretched Part in 
Colomn 21. 



FBAGTUBB. 



Crya. CoL Kind. 



18. 19. 

inch. inch. 



119 
•92 
•56 



•61 



•49 
•98 
•68 
•48 
•60 
•45 



•61 



•431 
•50 
■38 
•43 

•301 

•40 

•20 



•44 



•27 



21. 

inch. 



76 



7-6 



^•6 



7-6 



7-6 



66 



22. 

^ct. 

1079 



808 



618 



8-03 



679 



4-82 



24. 

^ct. 

44 
12 

2 

3 



45 
14 

18i 
26 

63 

It 
90t 

83 



7 
46t 

1 
2 



It 
18i 
Obi 



li 

40 

8 

It 



25. 



I 



I 
O 



O 



W) 

3 



26. 



R 

RU 
U 

U 

R 
RU 
RU 
RU 

R 
W 

T 

R 

N 

NU 

R 

NU 
NU 

R 

U 

RU 

W 

X 
X 



paffes 142, 143. 



TABULATED RESULTS. 
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TABLE B 


• 






Cimimtud 


KoTi.~An the pieces were taken promiKuoudy from EnKineen* or Merchants' 

b denotes bad fractare; r, slightly rent; 


Index 


1 


Names of tlM 
MAhen or Works. 




ORIGINAL 


Weight 
■ on 

StMljd 


Breaking Weight 
per square Inch 
of Original Area. 


STBRTCUBD 




nUmeter. 


Area. 


Diameter. 


Area. 












1. 


3. 


& 


4. 6. 


6. 


7. 












inch. 


sq. in. 


lbs. 


lbs. lb& 


Inch. 


sq. in. 




763 
754 
7S5 
756 




DcvDTTAir (Common). 

n n 


Rolled 

bars 1} in. 

Forged 

down. 


1-08 
II 
II 
II 


0-8333 

11 
ti 


1534 
1333 
1190 
1105 


62,4291 
48,014; 


094 

1-01 
1-02 


•6940 
•7854 
•8812 
•8171 




757 
758 
759 
760 




Da (Da ) 

n n 
n t% 


Rolled 

bars 1 m. 

round. 


102 
II 
II 

II 


0-8171 
II 
II 
II 


1417 
1220 
1190 
1105 


50,657 
52,906 
51,879 
48,966 


58,868 


0-95 
0^ 
1-00 
1-01 


7088 
7698 
7854 
•8012 




761 
762 
763 
764 




Blochaisn K Best. 
»> »» 


Rolled 

bars 1 In. 

round. 


i-oo 

11 
II 


07854 
II 
« 
II 


1304 
1262 
1-247 
1190 


58,049 
66,5^9 
66,005 
63,972 


66,141 


0-93 
0-92 
0-92 
0«1 


•6808 
•6650 
•6650 
•6504 




765 
766 
767 
768 
769 
770 


■: 


PoRT-DusDAS Ex. B. Best 


Rolled 

bars 1| in. 

round. 


1-12 
112 
110 
110 
1-12 
1*09 


0-993a 
0-9852 
0-9603 
0-9503 
0-9862 
0-9332 


1706 
1675 
1604 
1593 
1618 
1162 


57,6921 
56,811 

^2i 54.W4 

55.191 

44,584 j 


1-04 
1-03 
1-00 
l-Ol 
105 
1-08 


•8495 
•8333 
7854 
•8012 
-8669 
•9161 




771 
772 
773 
774 




OOYAN Paddled Iron. 


Rolled 

bars}x2} 

Forged 

down. 


0-92 
0-93 
0-92 
0-96 


0-6650 
0^6808 
66.W 
0-7238 


990 
961 
763 
633 


55,323 

62,847 
45,766 
33,150; 


46,771 


0-91 
0-91 
0-92 
0-96 


•6504 
•6504 
•6660 
7238 




775 
776 
777 

778 


1 


YsTALTFURA Puddlcd Iron. 

U H 
»» W 

n n 


Rolled 

barsf x2| 

Forged 

down. 


1-22 
1-20 
1-21 
1-20 


11690 
1-1310 
11499 
11310 


1304 
96! 
792 

505 


39,0001 
31,812 
27,173 
20,521 J 


89,686 


1-22 
1-20 
1-21 
i-20 


11690 
11310 
11«9 
11310 




779 
780 
781 

782 


Do. Do. 

M M 
ft »» 
II 11 


Do. do. 
Strips 
cut off. 


•70x1-02 
II 


0-7140 
II 


721 
6*7 
647 
619 


40,977] 
38,075 
38,076 
36,979 J 


88,626 


•69x1-01 
70x1-02 
70x1-02 
•69X1D1 


•6969 
7140 
7140 
•6969 




783 
784 
765 
786 
787 
788 

789 
790 
791 
792 
793 
794 
795 
796 


6 1 

q 


Cat out of a Craxk-bhaft of 
Scrap Iron, thas— 


lammercd 

1 


I-OO 

II 

1-01 
1-02 
1-00 
1-02 
1-01 
1-02 
1-00 
1-00 


7854 
II 

II 

0^8012 
0-8171 
0-7854 
©•8171 
0-8012 
0-8171 
0-7854 
0-7854 


926 
919 
894 
894 
894 
894 

8r?4 
847 
819 
761 
792 
847 
733 
59J 


44,561 1 

44,311 

43,420 

43,420 

43,4-20 

43,420. 

40,4671 

40,124 

40,745 

37,177 

39,000 

40,124 

37,680 

32,582. 


43,769 
88,487 


•94 
•92 
•97 
•96 
•95 
■92 

•97 
•97 
-95 
•98 
•99 
•99 
•99 
•99 


•6910 
•6650 
7392 
7088 
7088 
•6650 

7392 
7392 
7088 
7543 
7698 
7698 
7698 
7698 




and reduced to the reqnlred 
the lathe, not on the ar 


shape In 
iviL 




797 

798 
799 


i 


Hammkrbd Armour-platr 

16„6x8„9x4}1n& 

cut off the end and tamed down. 


1-00 


0--.834 
11 
II 


819 

776 
704 


40,7461 


-95 

•95 
-96 


•7088 
7H88 
7238 




800 
801 
802 


\ 


Do. Da 

II It 


1-00 
ti 
It 


0'i854 
II 
II 


776 
704 
647 


39,2131 

lj.6j6J86.82l 


-98 
-97 
-99 


7543 
7392 

7698 




803 

804 
805 
806' 


(S 


Swedish, 00 rf «te- f 
„ „ 8SJBW. g S,^ 

II II 32 0. n B-M j 
RussiAK, IOP8. •§ "8 [ 


•50 X 0-66 
•64 X 0-92 
•60 X L-IO 
•69 X 117 


0-3300 
0-68S8 
0-6600 
0-6903 


253 
591 
676 
1133 


48,933 
43,509 
42,421 
59,096 


•47x0-61 
58x0'85 
•57x1-02 
58x1-15 


•28ff7 
•4930 
•5814 
•6670 




807 
808 
809 
810 


swKDisH, oe H t3 . r 
II 1. «o. -s ai 

BussiAw, 10 P 8. "*&.£[ 


•62 
•85 
•73 
•85 


0-3019 
0-5674 
0-4184 
0-6674 


218 
51-2 
337 
719 


60,?62 
41,251 
44,230 
51,466 


-69 
•80 
-67 
•81 


-2734 
•5026 
•3526 
•6153 





IRON BARS. 

from pagt 183 

Stores, except those marked Sampha^ which were received ft'om the Makers, 
/size at fracture; $ size at smallest part 
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Difference between 

Original and 

Stretched Areas. 


Breaking 
Wght. per 
•q. in. of 
Stretclied 
Area. 


FRACTURED 


Diflbrence between 

Original and 
Fractured Areas. 


breaking 
Wght.per 
sq. in. of 
Fractured 
Area. 


ELONGATION. 


FBACTUBB. 


Diameter. 


Area. 


Length of part stretcbfid 
In Colamn 20. 


Crj'* CuL 


Kind' 
24. 


8. 9. 


10. 


11. 


13. 


13. 


14. 15. 


16. 


17. 


18. 19. 


20. 


21. 


J33. 


^. 


sq. in. sq. fn. 


?ct 


lb& 


Inch. 


sq. In. 


sq. In. sq.in. 


^ct 


lbs. 


inch. inch. 


ins. 


1»cL 


^ct 






•1393^ 








0-86 


•5674 


•26.591 








1-261 








40 


-\ 


YY 


•0479 
•0321 


•0589 


7-6 


68,372 


1-00 
1-01 


7864 
•8012 


•0479 
•0321 


•0906 


108 


60,866 


050 
0-33 


0-65 


7-5 


7-3 


65 


\ 

11 

11 


YY 
Y 


•0162. 








1-02 


•8171 


•0162. 








0^12. 








IM 


Y 


•i0"-31 






0-93 


•6808 


•13631 






1171 






6^ 


YY 


•0473 

•0317 w08 


6-2 


66,889 


0^97 
1^00 


7392 
•7854 


^17 f -0694 


86 


68,804 


032 
0-20 


046 


68 


e-fl 




^3- 


Y 
Y 


•OI59J 






1^00 


7854 


•0317 J 






0-16. 








m 


J ■ 


Y 


•10461 








0^85 


•5674 


•21801 






1-221 








12r 


^ 


U 


•1204 
•1204 


•1201 


15-3 


66,272 


0^77 
078 


•4657 
•4779 


•3197 „,,^^ 
.3075 ^W2 


87-8 


90,818 


1-63 
1-44 


1-46 


6-8 


213 


I 



Ig 


s 


•1360j 








076 


•4417 


•3437 J 






1-eo. 










s 


•13571 








0^87 


•5P46 


•3907] 








1741 









i9. 


s 


•1519 








0^85 


•5674 


•4178 








1-76 








Vi 


'■^ « 


8 


•1649 
•1491 


1280 


12-7 


62,646 


0-86 
0-82 


•6074 
•6281 


•3829 
•4222 


8484 


38-1 


86,668 


171 
1-62 


1'44 


7^0 


20-6 




a 


i^ 


S 

s 


•1193 








0^88 


•6082 


•3770 








1-50 








D 


t^ 


s 


•0171. 








1-03 


•8333 


•0999. 








032. 








43 


J 


sx 


•01461 






0-901 


•6362 


•02881 








0371 








&"i 


\ 


b 


^>ii« 


1-6 


47,292 


0^89 
0-92 


-6220 
•6650 


■0588 
-0000 


•0219 


82 


48,067 


044 
Oil 


0^24 


70 


8-4 


r40r 
93 


b 
b 


•ooooj 






0^96 


•7238 


•0000. 








O-OS. 








95i 


s 


b 


•00001 








1-21 


11499 


•01911 








0-101 








94 


1^ 


b 


•0000 
•00(10 


0000 


00 


29,626 


1-20 
1^21 


1-1310 
11 499 


•0000 
•0000 


•0048 


00 


29,818 


0-05 
0-02 


0^04 


70 


0-6 


94 

8^6 


if 


b 
b 


■ooooJ 






1^20 


1-1310 


•0000. 








0-00. 








656 


b 


•01711 






•68x1-00 


•68C0 


•03401 








0-251 








82 


a 


■0000 
•0000 


•0085 


1-2 


38,996 


•70x102 
70x1-02 


•7140 
T'MO 


•0000 
•0000 


•0170 


24 


89,470 


0-08 
0-06 


8'14 


7-0 


20 


70 
100 


f 


a 
a 


•0171. 








68x100 


•6800 


•0340. 








0^18. 








44 


a 


•09141 






•88 


•6082 


•17721 






1141 








78 


If 


c 


•1204 








•87 


•5946 


•1909 






134 








22 


c 


•0462 
•0766 


•0886 


U-8 


49,828 


•90 
•86 


•6362 
•6674 


•2180 181* 


28-1 


66,910 


1-06 
163 


1-88 


6*5 


20-5 


50r 
36 


c 
c 


•0766 








•90 


•6362 


•1492 






1-30 








53#- 


•2I 


c 


•I204J 






•86 


•6812 


•2042. 






1-60. 








28 


•0 
9 


c 


•0620" 








•96 


•7088 


•0924' 








0-98^ 








18 


e 


•0779 








•96 


7238 


•0933 








0-92 








65 


1., 


c 


•0766 








-96 


7(»88 


-0766 








0-98 








3 


e 


•0628 
•0314 


•0487 


61 


40,991 


•97 
-99 


7392 
7698 


•0779 
•0324 


•0678 


8-6 


42,059 


079 
0-46 


0*67 


8-0 


8-4 


30 
68 


Sti 


ce 
c 


•0473 








•97 


7392 


•0779 








0-66 








60 


Sg 


d 


■0156 








•96 


7088 


•0766 








040 








Or 


^ 


e 


•0166. 








•99 


•7698 


•0166. 








0-20, 








506 


J 




•07661 






•92 


•6650 


•12041 






1-161 






5 




f 


re!*^- 


9-1 


42,767 


•94 
•94 


-6940 
-6940 


Sll}ioii 


128 


44,611 


OOa 0-84 
076 J 


8-0 


11-7 


8 
4r 




f 
f 


•03111 






-97 


7392 


•04621 






0-601 






1 


f 


^tSh" 


8-9 


88,298 


•97 
-97 


7392 
•7392 


•0462 ^2 
•0462 J 


5-9 


89,086 


0-55 0'51 
0-38 J ""^^ 


80 


6-4 


4 




«« 


f 
f 


•0431 


131 


56,34i 


-30x0-38 


•1140 


•2160 


65^5 


141,702 


1^34 


8-0 


170 





1^ 


K 


•0958 


163 


51,964 


-46x072 


•3312 


•2576 


437 


77,349 


1-18 


77 


15-3 





a 


K 


•0786 


11^9 


48,156 


-SOxO-SS 


•4400 


•2200 


33-3 


63,632 


1-02 


67 


15-2 





.0 


K 


•0233 


8-4 


61,160 


-56x1-09 


•5996 


0906 


131 


68,047 


0^49 


8-2 


60 


55r 


it 


KZ 


■0285 


94 


56,501 


•32 


■0804 


2216 


733 


188,731 


1-42 


7^6 


187 





i^ 


K 


•0648 


114 


46,574 


•55 


•2376 


•:i298 


681 


98,510 


1^18 


8-0 


14-8 





K 


■0658 


15-7 


5-2,484 


•63 


•2207 


•1977 


47^2 


83,861 


1-20 


7-6 


15-8 





> 


K 


•a'i2l 


9-2 


66,670 


•74 


^00 


•1374 


24-2 


67,907 


0-60 


80 


7-5 


" 


J 


KZ 
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TABLE D. 

Continued 

Note.— All the pieces were taken promiteuoiufy from Enpfineera' or Merchants' 
L denotes that the strain was applied lengthways of the plate; G, crosswaya /, size at fracture; «, size at 



Index 


1 


Karnes 


1 


ORIGINAL. 


Weight 


Breaking Weight 
per square inch of 


FBACTUBED. 




of the Makers 




1 


on 






No. 


« 


or Works. 


1 


Thick. Bdth.| Aroa. 


Steelyd. 


Original Area. 


Thick. Bdth. 


Area 










1. 2. 


3. 


4. 


6. 6. 7. 


js. 9. 


10. 










inch Inch. 


6q.in. 


lbs. 


lbs. lbs. lbs. 


inch. inch. 


sq In. 


551 






Glasgow, 


L 


•650x1-52 


0^988 


1389 


48.5441 




•6-25x1-52 


0-950 


552 






Best Best 




•640 X 1-52 


0973 


1361 


48,487 




•606 X 1-50 


0-913 


553 








^^ 


•50<) X 2 00 


1000 


1403 


48,354 




•475 X 1-97 


0-936 


554 








^^ 


•555 X 2 00 


MIO 


1576 


47.926 




-6.30 X 1-99 


1-055 


655 






^^ 


^j 


•480 X 2-CO 


0-960 


1304 


47.480 




•450 X 1-96 


0-882 


556 






" 


jj 


•550 X 2-00 


1100 


1518 


46.885 


tf,6S6] 


•625 X 1-97 


1-034 


657 










•645 X 1-55 


1000 


1276 


44,798 






•612 X 1-62 


0-930 


558 






*' 




•600 X 162 


0-810 


961 


44,417 






•495 X 1-62 


0-801 


5.')9 






^ 




■430 X 2 00 


0-860 


1019 


43.723 






-400 X 1-S8 


0-792 


560 






" 


j^ 


•455 X 2-00 


0-910 


1063 


42.670 






'A2U X 1-995 


0-846 


561 








»» 


•665 X 1^62 


1-077 


1161 


88,605. 




48,483 


•656 X 162 


1-077 


562 






Do. Do. 


C 


•655 X 2-00 


I -no 


1475 


4.^8791 






•535 X 1-99 


1-065 


563 










•555 X 200 


1-110 


1475 


46,379 






•542 X 1 99 


1-078 


564 








J 


•650 X 1-55 


1-008 


1305 


45.248 






•6-25 X 1-54 


0-962 


565 








^^ 


•650 X 1 52 


0-988 


1189 


42,876 






-C3)X 1-50 


0-945 


566 








^^ 


•500 X 2O0 


l-OOU 


1133 


40,794 






•500 X 2-00 


1-000 


567 










•500 X 2^00 


1-000 


1104 


39,982 


41,940 J 




•500 X 2-00 


1000 


568 










•450 X 200 


0-900 


961 


39.975 




•450 X 2 00 


0-900 


569 






' 




•650 X 1-62 


0988 


1075 


39.646 




•630 X 1^50 


0-946 


670 










•450 X 2 00 


0-900 


93-2 


39.073 




•440 X 198 


0-871 


571 








j^ 


500 X 1 62 


0-810 


790 


38,506 




•497 X 1^62 


0-805 


573 






w 


" 


•665 X 162 


1-077 


1133 


37,878j 




•666 X 1^62 


1-077 


673 






Glasgow, 


L 


•500 X 1^55 


775 


1276 


StftOil 




•462 X 1-60 


0-693 


574 






Best Best. 




•800 X 1 -38 


M04 


1917 


56S35 




-705 X 1-32 


0-930 


675 








,, 


•625 X 2-00 


1250 


2197 


5G,ifA 




•670 X 192 


1-094 


576 








^^ 


•265 X 2 00 


530 


733 


66 83ft 




•244 X 1-96 


0-476 


£77 


I 


) 




^ 


•785x1-38 


1^083 


1818 


55,377 




•685 X 1-34 


0-918 


578 




^ 


jj 


•875 x 1 -50 


r312 


2247 


54,Hf;y 




•806 X 1^46 


1-177 


579 


2 


»» 


^^ 


•485 X 2 00 


0-970 


1561 


54.^|o 




•450 X 1-94 


0-873 


680 


Pi 






•650 X 2 00 


I 100 


1775 


53,4 'J V 




•505xl^96 


0-990 


581 


g 


" 




•480x2 00 


0960 


1504 


53.-0 4 




•445 X 1-94 


0-863 


582 


^ 


■ 




•265 X 2-00 


0-530 


683 


63. J :^ 


68,399^ 




244 X 1^95 


0-476 


583 






^ 


^ 


•625 X 1-55 


0-969 


1504 


52,'^}^t 






•595 X 1-52 


0^894 


581 








^ 


•6^25 X 2 00 


1-250 


2018 


52. ri;,' 






-570 X 1-03 


1-100 


585 








^^ 


650 X 1-52 


0988 


2519 


52.2-2'J 






•600 X 1^46 


0-876 


586 










•775 X 1-55 


1-201 


1S02 


5U**ft^^ 






700 X 152 


1-064 


587 






" 




•650 X 1 52 


0-988 


1504 


51. SCO 






•606X148* 


0-897 


5S8 










•562 X 200 


1-124 


1733 


51,240 






•521 X 1-92 


1-018 


58!) 










•885x150 


1-327 


2075 


50.614 






-834 X 1-47 


1-2-26 


590 






It H 


!', 


•550 X 2tJ0 


1-100 


1504 


46,5^. 




47,595 


•6-24 X 1-97 


1-032 


!>91 






Do. Do. 


c 


•880 x PSO 


1-320 


1990 


49,0831 




•844xr48 


1-249 


592 






" 




■785 X ras 


i-083 


1447 


45,786 






•728 X P35 


0-983 


593 










•890 X 1-50 


l-a35 


1789 


44,317 






-872 X 1-48 


1290 


594 






" 




•480 X 2^00 


0-960 


1133 


4*2,490 






•475 X 1-99 


0-915 


595 






' 


j^ 


•265 X 200 


530 


476 


42,260 






•258 X 2^00 


0-5 16 


596 








jj 


•485 X 2-00 


0970 


1133 


42,056 






•480 X 1-99 


0-955 


597 










•650 X 1-55 


1008 


1190 


42,053 


At *t1k\ 1 




•639 X 1-55 


0990 


598 






!' » 


^ 


•775 X 155 


1-201 


1447 


41,287 


«l,fVA<' 


•750 X 1-54 


1155 


599 






^ 


^^ 


•600 X 155 


0-775 


819 


41.164 




-456 X 1 64 


0-702 


600 








^^ 


•625 X 2-(K) 


1250 


1447 


39.664 




-610 X I-JJ9 


1-214 


851 










•570 X 2 00 


ri40 


l-i76 


39.297 




•562 X I 96 


1-106 


852 






' 


J 


•550 X 2-00 


1100 


1219 


39,202 




•542x1-99 


1-078 


853 










•645 X 1-52 


0^980 


1047 


39,170 




•628 X 161 


0-948 


854 






;; ;; 


M 


«50X 1-62 


0988 


990 


37.237 J 




•635 X 1 51 


0-959 


865 






Glasgow, 


L 


•650x1-55 


1^008 


1601 


53,553"! 


•575 X 1 49 


0-85G 


856 






Best Scrap. 




•650 X 155 


1-008 


1533 


^Ilfri 60.M* 


000 X r50 


0-900 


857 








^^ 


•625 X 155 


0-969 


1447 


•570 X 1-48 


844 


858 






;; !; 


" 


•625xr55 


0-969 


13U5 


47.069 J 


-555 X 1-52 


0-841 


859 




Malinsleb, Best. 


L 


•385 X 1^55 


793 


1168 


52.679) -«-,-«, 
6-2,466; 62.6721 


-3.')0 X 1-97 


0-690 


860 




ti S n 


,^ 


•385 X 155 


0:93 


1162 


335 X 1-95 


653 
















51,600 






861 




Do. Do. 


C 


•390 X 1-55 


803 


1219 


^^}^>'>"l 


366 X 2 00 0-73-2 


862 




n »♦ 




•385 X 1-55 


0-793 


I0:i0 


-355 X 2-02 ; 717 



IRON PLATES. 

from page 127. 

Stores, except those marked Samplet, which were receiyed from the Hakem 

smallest part; m, mean size; i denotes that the layers are rather imperfectly welded; b, bad fiuctnre. 
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Differanoe between 


BroaUng Weight 


BLONGATION. 


FRAOTUBB. 




per iquare inch of 


Original Length of Stretehed Part in 










Areas. 




Oolinnn21. 


Cry* 


Col. 


Kind. 


11. la. 13. 


14. 15. 


16. 17. 


18. 19. 20. 


21. 


22. 23. 


24. 


25. 


26. 


Bq.in.8^in.8q.in. 


^ct^ct. 


lbs. lbs. 


inch. inch, inch 


inch 


^ct Ijict. 


^Ct 






•0381 






•351 








50 


^ 


WT 


•060 








•40 








45 


1 


WT 


■064 








•33 








54 


1 


WT 


•055 








•39 








65 


& 


WT 


•078 








•34 








18i 


8 


W 


■066 


'062^ 


5^8^ 


48,908 ^ 


•40 


•88 1 






4*84 1 




45 


8 


WT 


•070 














•40 












70 


JB 


WT 


•009 














•28 












60i 
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TABLE D, 

C^mtinued 

Nora.— All tbe pieces were taken promUeiu»uff from Engineera' or Merchants* 
L denotes that the strain was applied lengthwajfs of the plate; G, crouwayti /, size at fracture; «, size at 
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IRON PLATES. 

from page 137. 
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140 TABLE D. 

Contintted 

N0TK.--AII the pieces were taken pramiieuouslii from Engineers* or Merchants' 
L denotes that the strain was applied kngtkwayt of the plate; C, erostwapn /, sixe at fracture; s, size at 
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tt 


■637x1-50 


0-956 


1104 


41,866 




•675 X 146 


0-839 


951 






»» ft .S 


II 


•750 X 1-54 


1-166 


1334 


40, 192 J 




710X1-80 


1-074 


952 




3 


Da Da ! 


C 


•637 X 152 


0-968 


1475 


52,0361 


47,654 


-570 X 1-46 


0832 


953 


v 


»» »» • 


II 


•650 X 1-52 


0-988 


1447 


50,189 






•612 X W7 


0^809 


954 









•650x1-50 


0-976 


1419 


60,053 


48,811 J 




•602 X 144 


0-867 


955 


1 i 


" » ' 


It 


•637 X 1^50 


0-955 


1376 


49,841 




-680x1-46 


0-841 


956 


* 


; 


II II 




750 X 1-65 


1-162 


1733 


49,565 




•695 x 148 


1-029 


9sn 






»• 


•760X1U2 


1140 


1476 


44,184. 




720x149 


1073 


958 






Llotds, Fobtbb, ACo. 


L 


•866x2^06 


•731 


919 


47,6091 


•325 X 2^02 


•656 


959 






„ Best „ 


,^ 


•373 X „ 


•768 


935 


46,908 




•330x2-03 


•^70 


960 






If ti 


,, 


•440 x 


■906 


1133 


46,026 


44,867 




-418 X 208 


•848 


2?i 








II 


-446 X „ 


•917 


1104 


43^601 






•420 X 2-03 


•853 


962 






II It 




•373 X „ 


•768 


847 


42,690 






-350x2-03 


710 


963 






Da Da 


C 


•373 X „ 


•768 


990 


47,9031 


44,850 


•360x202 


707 


964 






II II 




•445 X ;; 


■917 


1219 


47,113 






•426 X 2-04 


•867 


965 






II II 


^ 


•373 X „ 


•768 


961 


46,846 


44,788 J 




■346 X 2^03 


700 


966 








j^ 


•440 X „ 


■906 


1190 


46,789 




■420 X 2-04 


•SOT 


967 






II It 


" 


•365 X „ 


731 


690 


35,007 J 




•333X202 


■673 


968 


r 


<^ QOYAV ^ 


L 


•415 X 1^99 


•826 


1377 


67,6501 


•362 X 1-84 


•648 


960 




II It 


,, 


•408 X „ 


•812 


1348 


57,653 




•350 X 1-86 


•651 


970 




II II 


II 


•400 X 


•796 


1263 


56,822 




•360x1-81 


•633 


971 


J) 


i« It 




•416 X 


•826 


1240 


53,014 


54,8441 




•365x1-85 


•675 


972 


£ 




„ 


-400 X „ 


796 


1176 


62,761 






•850x1-91* 


•668 


973 


1 


II II 


„ 


-410 X „ 


•816 


1161 


60,953j 






•375 X 101 


716 


974 


Da Da 


C 


^416x „ 


•826 


1219 


62,3031 


52,022 


•380 X 1-88 


714 


976 


rS 


II II 


II 


•415 X „ 


-826 


1219 


62,303 






•384x100* 


730 


976 


•^ 


II II 


II 


-416 x „ 


•826 


1133 


49,387 


48,899] 




•384 X 101 


730 


977 




II 11 




•410 X „ 


•816 


1104 


49,000 




•400x1-96 


•784 


978 




II II 


„ 


•400 X „ 


796 


1020 


47,274 




•384X104 


745 


979 






" 


•410 X „ 


•816 


1020 


46,127. 




-400x105 


-784 





IRON PLATES. 

fhmpagt 189. 

Stores, except those mariced SampkSt which were received finom the Makers. 

smaUest part; m, mean size; i denotes that the layers are rather imperfectly welded ; A, bad fhtctore. 



141 



F^Mturad and Original 
Iraas. 



Breaking W«)grlit 

per aqaare ineh of 

rraetorad Airaa. 



BLOiraATION. 
Original Length of BtratolMd Part In 
bSI. 



VIUCTUBB. 



Orjn, OoL Kind. 



11. 12. 18. 

sq.in.8q.in. 8q.in. 



•032 
•047 
•044 
1)48 
•OM 



irr 



D«5 



•086 



•1661 

•144 I 
•198 j 



^Moi 



•055; •«> 



•100 
•108 
•116 
•127 
•116 
•ORl 

•1861 

•089 

•108 

•114 

•133 

•067 J 



•076 
•098 
•068 
■064 

•068 

•0611 

•050 

•068 

•049 

•068 



108 



-108 



•0711 



•067 



•108 



•064 



14. 16. 

9cti)ct 



•178 
•161 
•163 
•161 
•128 
•100 

•1121 

•096 

■096 

•032 

•061 

•082. 



•147 



•108 



16-0 



68 



18*6 
4*6 



10-4 



10-6 



8-7 



6-8 



18-1 



86 



10*8 



86 



10-0 



78 



16. 
lbs. 

61,681 

46,800 

68,747 
47,718 

61,140 
64,8M 

48,168 
48,844 



17. 

ib& 



58,441 



18. 19. 20. 
inch. Inch. Inch. 



•86 
■70 
1-10 
•60 
•38. 



•78 



•81 



•47 



65,880 



58,991 



188 



48,758 



•791 
•«} -86 



•60 



•57 

•52 
•26 
•33 
•32 

•401 

•34 

•40 

•36 

•24 



•44 



•46 



•40 



•86 



•45 



•875 







•821 








•82 




66,788 




•91 
•82 
•76 
•60. 


T7 




60,874 


•5n J 






•46 




64,880 J 




•60 

•83 
•87 


> -48] 



21. 

inch. 



76 



76 



66 



7-6 



•60 



66 



22. 28. 

Ilct 9ct 



8*6 



r8 



11-81 



4-6 J 



6-1 



7H» 



6-8 



4*6 



11-6 



6-6 J 



690 



790 



685 



495 



905 



24. 

i)ct 


43 

3 
4 

2t 

13 
16 
68 
28 
lOit 



2 

2 
36 
22 
22 

8 
55 

3 
43 

2tf 



25. 



26. 



I 



N 
NS 
N 
N 
N 

NV 
NV 

sv 

sv 

V 



NS 
NS 
NS 

SV 
SV 



SU 
U 
U 

u 
u 
u 

V 
V 
V 
V 
V 
V 



u 

u 

SU 
SU 
SU 

V 

sv 

V 

sv 

V 



M 
M 
M 
M 
M 
M 





o 






U2 



TABLE E. 

Continued 

NoTK.— An ttie pieces were taken promtteuouslp from Engineers' or Merchant 
i denotes that the layers are rather imperfectly welded; 



Index 
No. 



• of tbe MaUn or Works 



630 
631 



(»2 

6(3 
634 
635 



637 



639 



640 
641 
642 
643 



614 
645 
946 
647 



648 
649 



651 
652 
658 



651 
655 
656 



657 
658 



661 



664 



666 
667 



670 
«7l 
672 



6la*qoW Best Scrap 



GLAraow Best Best 



Do. Da 



Do. Da 



Do. Do. 



Albiov Q? Best. 



At.bion Best. 



AuiOH Best 



»» w 



Eaolb Best Best. 



Eaols. 



CoHSKTT Best Best 



Fakhlxt. 



Thlek. Bdth. Area. 



1. 2. 

inch. inch. 

'625 m 1*54 
•620 m 1-54 
•655 m 1-59 
•655 m 1-54 
'655ml-S9 
•620 m 1.54 



•600 m 1-54 
•600 m 1-54 
■600ml54 
•600 m 151 



HMO m 156 
-649 ml 54 
•640 m 1-54 
•640ml^S6 



•583 ml -54 
•576 ml -54 
•575 m 1^66 
•575 m 1:54 



•S40ml56 
•640 ml -54 
•640 m 1-54 
•640ml.56 



•625m i-54 
■605 ml 59 
•600 m 1-59 



•6S0ml-54 
•605 m 1*54 
•582 m 1:54 



•675 m 1-36 
•675 m 1-51 
•630 m 1-56 



•685ml-59 
•645mi-S9 
•650m !•» 



•6S0ml54 
•625 ml '59 
-650 m 1*59 



•510 m 1 '47 
•S05m „ 
•490 m „ 
•490 m „ 
•510 m „ 
'510 m „ 



«95ml^00 
•585 m „ 
:S»5m „ 
•585m „ 



Weight 

on 
Bteelyd. 



3. 

8q.in. 

0^963 
0-955 
1-041 
1-009 
1-041 
0-955 



•024 

•924 
•9*4 
•934 



•999 
•966 
•996 



•885 



•998 
•986 
•986 



•968 
•962 
•954 



1-001 
0-983 
0-806 



1-058 
1-039 
0-983 



0i»4 
1-025 
1-083 



1-001 
0*994 
1-033 



•749 
•742 
•720 

•72n 

•749 
•749 



•585 



4. 

lbs. 

Ifi81 
1618 
1790 
1704 
1704 
1505 



1561 
1647 
1490 
1490 



1791 
1743 
1561 
1504 



1604 
1461 
1361 
1162 



1547 
1518 
1490 
1490 



1668 
1617 
1518 



1547 
1419 
1833 



1683 
1662 
1646 



1547 

1504 
1390 



1177 
1104 
1047 
1047 
1076 
1076 



1030 



944 
904 



Breaking Weight 

per aquare inch of 

Original Area 



6. 
Iba 



6. 

Um. 

58,3631 
56,936 

»!«» 66,094 

64,646 
63,691 J 



67,1101 
54,967j 



59,3361 

S;?S M.MO 

61,284j 
57,1231 
47,012 j 



52,4911 
50,898 j 



57,917 
5'J,492 
54,061 



|66»U7 



52,8331 
52,363} 

51,780 J 



52459 



52,807 
61,551 
60,044 



]si,4fft 



56,5841 
54,250} 
53,396j 



54,787 



52,3331 
51,491 
46,457 J 



50,056 



56,1001 



53,884 

§111 W.848 



58,334 
52,334; 



63,715 



59,667 
58,77aJ 



61,860 



FBACTURSn. 



Thick Bdth! Area 



8. 9. 

Inch. inch. 

•520 m 1-40 
^oOmlSS 
•575 m 1*48 
•545 m 1-36 
•550 mi -52 
•550m 1-48 



«75mI'S0 
•501 m 1-40 
•oOOm 1^37 
•499 ml 35 



•550m 1^45 
•595 ml -50 
•506 ml 54 
•606 m 1*55 



:610 m 1-47 
•493 ml 40 
•495 m 143 
•510 m r46 



•5<i0ml*4l 
•551m 1*45 
•500 m 1^40 
■550 m 1*46 



•626 m 138 
•5:«ml-52 
530 m 1*51 



•530ml^39 
•520 ml 42 
•496 ml -43 



•600 m 148 
•500m 139 
•605 m 1-49 



•495mr41 
•538 M 1^47 
•570 m 1*49 



•570 m 1-40 
550 m 1-55 
•680 m 1*58 



*460ml*30 
•455 ml 39 
•426 ml -37 
•425 ml -37 
•438ml^35 
•438 m 1-35 



•450m •796 
•450m •825 
•420 m -775 
425 m 780 



10. 

sq.in. 

•72S 
-69U 
•8-M 
•741 
•886 
•814 



•701 
1^85 
^4 



•797 
•892 
•916 
•938 



•740 
•690 
•708 
•740 



•792 
790 
•770 
•803 



•726 
•806 
•800 



•737 
738 
708 



-820 
•901 



791 
•849 



798 
■852 
•916 



«32 
•583 
•583 
501 
•601 



•371 
•325 
•331 



ANGLE-IRON. 

frompagt 129. 

Stores, except those marked 8>9mple», which were receired from ihe Makers 
b, bad fracture: «, size at smaliost part; m, mean thickneea. 
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Diffwenoe between 

Fractured And Original 

Areas. 



11. 12. 

8q.in. 8q.in. 



•235 
•IfiS 

•190 



•205 
•141 



•061 
•223 
•239 
•250 



•2011 
•107 
•070 
•060 



•1471 
•195 



•H5j 



•206 
•187 
•216 
•193 



193 



•109 



•199 



•901 



•166^ •IBS 
•I54j 



•2641 

•194 V 

•issj 

•1651 
•219 1 
•082 J 

i) 

•2031 
•142 i •] 
•117 J 



lU 



•2961 

-234 V -239 

•184 J 



•no 

•110 
•138 
•138 
•158 
•158. 



•2S71 
•214 
•270 
•254. 



164 



•136 



•SM 



14. 

^cent 

801 



20-9 

U-0 

18-9 

20-8 
191 
22*8 
151 
28*4 
16-8 

18-8 
41*4 



Breaking Weight 
per square indi of 
Fractured Area. 



16. 
lbs. 

71,764 

70,706 

62,878 

65,770 

64,962 
69,867 
67,695 
60,675 
71,441 
58,545 

65,554 
104,468 



BLOITGATION. 

Original Length of Stretched Part In 

Column n. 



18. 19. 
inch. Inch. 



1-201 

MO 

1-iO 

142 

110 

0-93 



0-73 
130 
1-46 
118 



1-30 
©•57 
0^40 
0-32, 



114 



117 



0-96 



MOl 
1^26l 
0-98 f 
0-55 J 



0-97 



1^26 
0-90 
1-08 



1- 



•10 I 
1-86 J 



1-25 

1 
0-86 



©•881 
1-06 [ 



1D7 



0-96 



1-261 

l^OOV 1-04 
0-85J 



0-861 
0*701 < 
0-46J 




21. 
IndL 



7*9 



7-9 



T9 



7^ 



7-9 



7^ 



7-9 



7« 



7-9 



79 



9-9 



9*9 



22. 
150 



15-4 

8-5 

12-8 

12-7 
140 
141 
U-2 
187 
8*8 

12-6 
20-9 



Crya. CoU Kind. 



24. 

Vet 

44 

38 

66 
25 
50i 
50i 



46 

16 
Si 
5m 



25. 



Soft 
and 
very 
fine. 



26. 



tn 
t 

t 
t 



tn 
tn 
tn 
tn 



t 

ta 
tn 



t 
tv 
t 



tv 

t 
t 



tw 
tw 



tv 

t 

tv 
tv 

t 
t 
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SUMMARY OF RESULTS. 

LiaMurly Mpntemtod 
KoTi.— AU Uie ptoCM wen taken promiMnovt^ flnom Ensineen* or Merchants* 



4 


h 










BBBAKnrG WSIGHT 
















1 


NamMOfthe 


OondiUon. 


Index 






OrigintO, 






?^ 


If akMS or Wock& 






























1 








] 


Lowest. 


m^^iest. 




Vewi. 












»• 


1. 
lbs. 


1). 


lb& 


0. 


8. 

Iba. 


1 




TuBTOH's Cart^eel for Tools. 




1-6 


3 


112,242 


S 


146,383 




182,909 


3 




JowiTT's Cast-steel for Toola 




7-10 


1 


117,719 


1 


148,294 




132,402 


3 




Da Ca««t-8teel for Chisels. 


j^ 


11-18 


2 


112,331 


3 


137,979 




124,862 


4 






^ 


83-26 


4 


106,747 


5 


125,321 




118,468 


A 




Da Cast-steel for Drifta 




19-28 


8 


96,653 


4 


130,447 




116,882 


6 




Bkssemeb'8 Patent steel for Toolsi 8. 


BoHU 


27-34 


5 


103,255 


6 


123,165 




111,460 






Moss & Gamblb, Cast-steel for Riveta. 3. 


43-46 


6 


101,422 


7 


116,763 




107,286 


8 




Natlob, VicKBRS, A Cc's da Rlyets. 
WiuuNsoM's Blister-flteeL 


„ 


47-60 


7 


101,421 


tf 


112,262 




106,615 


9 




Forged. 


36^ 


9 


89,546 


8 


116,183 




104,298 


10 




JowiTT'B Cast-steel for Tap& 
Kbupp's Cast-steel for Bolts. 


BoYled. 


99-42 


12 


84.036 


10 


110,697 




101,151 


11 




61-54 


10 


86,054 


12 


96,208 




92,015 


12 




Shobtbidqb a Cc's Homog. metal 




66-58 


18 


82,218 


11 


99.570 




90,6«7 


13 




Do. da Homoe. metal 


Forged. 


59-62 


11 


84,794 


13 


94,762 




89,724 


14 




t> 


68-66 


14 


65,168 


14 


82,719 




72,529 


15 


6 




Forged. 


69-74 


1 


67,066 


1 


76,304 




71,486 


16 


fi 


B1.00HAIBM da 


Rolled. 


76-80 


2 


55,006 


2 


75,114 




70,166 


17 


6 


Da da 


Forged. 


81-86 


4 


42,664 


S 


71,501 




65,255 


18 


4 
88 


Da da • 


It 


87-90 


3 


45,931 


4 


70,341 




62,769 



SUMMARY OF RESULTS. 

Xdnearly icjim e at e d in 
NoTB.— All tbe pieees were taken prombeuouily from Engineers' or Merchants* 



1^ 


ill 






1 




brbaxino weight 


Names of the 
If skerR or Works. 


Thfck. 


Index Na 








1 




Loveet. 


Hlgbert. 


Mean. ' Ifean. | 














a. 


1. 

Iba 


1). 


Iba 


0. 


& 4. 

Iba Ib& 


a. 


51 


4 


Tdbton a Son, Cast-eteel S. 


J 


L 


301-804 




92,858 




95,360 




94,289] 


96,899 




52 


4 


«t 11 »* 


ti 


C 


sa'v-sos 




92,788 




99,962 




96,808 


8 


53 


5 


Shobteidob a Co., da 


A 


L 


331-335 




86,650 




106,900 




96,280 


96,716 




64 


5 




C 


336-340 




84,211 




106,732 




97,150 




56 


G 


NATLOB,VicKBBa,&Co.,da S. 


i 


L 


309-314 




76,772 




87,972 




81,719 


■84,485 


3 


56 


6 


,. A 




C 


315-320 




82,488 




96,196 




87,150 


57 


7 


Mobs dE Gambles, do. 8. 


A*inr 


L 


321-327 




ff7,977 




81,588 




75,694 




4 


58 


3 


» & 


M 


C 


328-330 




67,638 




71,796 




69,082 ■«»««» 


69 


1 


Shobtbidgb a Ca, da 


ff 


C 


341 




— 




— 




96,989 




60 
61 


4 

4 


Mebset Cot. Puddled-steel 
Mebset Cot. " Hard,"da 8. 


AA 


L 
C 


St8-351 
352-365 




92,676 
63,098 




108,906 
99,468 


S 


101,450 
8i,968l 


98,909 


8 


62 


3 


"*" 


L 


366-358 




95,946 




106,110 




102,593 


98,979 




63 


2 


Blochaibn da 8. 


»» 


C 


369-360 




82,800 




88,529 




85,366 


1 


64 


6 


A 


L 


367-371 




93,327 




106,394 




102,234 


- 98,816 




65 


5 


Blochaibs ^0. 




C 


372-376 




81,047 




89,447 




84,398 


2 


66 


2 


A 


L 


377-378 




95,227 




97,413 




96,320 


- 86,010 




67 


2 


Shobtbidob a Ca do. A 


C 


379-380 




71,792 




75,606 




73,699 


4 


68 


4 


if 


L 


342-345 




62,435 




81,662 




72,408 


-7S,994 




69 


2 


Mebset Cot. "MUd," da 5. 


i 


C 


345-347 




62,436 




84,724 




73,680 


5 


70 


2 


L 


361-362 




67,184 




86,908 




77,046 






71 


2 


n n .. ., & 




C 


363-364 




66,624 




68,848 




e7;686f ^.WW 


6 


72 


2 

80 


MbrsbtCot. da da 


VSr 


L 


365-366 




65,045 




78,020 




71,532 





TABLE F, STEEL BARS. 

in Siagfam-PUite 71. 

Stores, except those marked A, which were received from the Makers 
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^ 




















BBBAKINO WSIGHT 








1 




1 








OONTBAOnON OV ABBA, j 


ELONGATION, i 


























0HABACTBRIST1C8 OF 


Btretcktd. 


r^rattmrtd. 


*-*-■ 1 


J'hMHirMi. 


AITMM. 




FBACTUBB. 


Ifean. 


HMD. 


Mdan. 


Mdan. 


MMn. 


e. 


5. 


1 


6. 


h. 


8. 


i. 


9. 


L 


11. 


Gran. 






lb& 




lbs. 




^cent 




IRcent 




^cent 


^ct 




2 


13SU24 


11 


130,124 


1 


47 


1 


47 


2 


5*4 


100 1 




1 


iSO.'ilS 


3 


JS'SI 


3 


51 


2 


12-8 


1 


6*2 


100 


Whollj granular, very fine. 


S 


13-^uW 


4 


160,243 


6 


8-0 


3 


17-0 


4 


71 


100 




5 


12^-iao 


6 


147,396 


4 


7-8 


4 


19-6 


11 


135 


971 




4 


1,1,% 283 


ft 


147,670 


13 


14-3 


6 


21-5 


10 


13-3 


78 




8 


llfi,y33 


7 


143,327 


2 


4-8 


7 


22-3 


3 


55 


90 




6 


11H,(>57 


8 


168,013 


7 


91 


11 


321 


9 


12-4 


64 




7 


n7,;J69 


1 


158,786 


8 


91 


12 


32-8 


ft 


87 


90 


Granular, and fibrous of a 
yery fine silky lustre. 


9 


119/i49 


12 


132,472 


6 


8-4 


5 


21-4 


6 


97 


97 


10 


111,712 


9 


142,070 


9 


94 


10 


28-8 


7 


lOU 


94 




11 


li>.%J10 


10 


139,434 


12 


131 


13 


34-0 


13 


15-3 


49 




12 


lm.')n 


8 


142,920 


11 


12-9 


14 


36-6 


12 


137 


30 




13 


102. im 


13 


121,212 


10 


12-2 


9 


260 


8 


11-9 


92 




14 


StJ,A23 


14 


96,490 


14 


16-2 


8 


241 


14 


18-0 


20 Granular, flbronSiAicrystallliieL II 


1 


87,461 


1 


110,451 


4 


18-2 


4 


35-3 


4 


191 


6 


Granular & fibrous, uniform. 


2 


76,699 


2 


84,871 


S 


10-9 


3 


19-4 


2 


11-3 


14 




3 


72,776 


S 


80,370 


2 


10-6 


2 


19-0 


S 


12-0 





Granular &fibrous,irregular. 


4 


67,022 


4 


71,231 


1 


6-4 


1 


11-9 


1 


91 


12 





TABLE H, STEEL PLATES. 

Diagnun-Plate YI. 

Stores, except those marked iSL, which were received from the ICakera 



DBEAKiEia wemnr 

V iq in. oTFradund ima. 



Its, 



7. 

lbs. 



100,0631 
111,811 
114,1061 
114,300 
104,232 
112,018 

if2:^J[«»,o5o 

113,305 



106,987 
114,808 
108,186 



109,552) 

91,746 " 
107,827 

89,116 
108,879^ 

87,877 
107,6141 

76,646 

81,8^ 

78,246 

88,240l g^gjy- 

73,634; *"»*" 

77,760 



100,640 
98,478 
97,978 
98,180 
80,084 



CONTRAOTIOW 



^oar^AttOH, 




11. 13. 

9-64f ^^ 

17-60). ,-.« 
I7-32f 1"*^ 
19-82) jg -3 
19-64}:^*^ 

14-4 



279) 
1-25 
4-86 
8*30 
3-60 
2-68 
8-22 
414 
6-93 
8-21 
6-161 
672J 

8-57 



8-08 
408 



814 
618 



467 
6*94 



OHABACtERISTlOfl OF 
FaA<7TUBSk 



GfBTU 
100 

100 

601 

67 

40 

24 
01 
0> 

100 

16 \ 

10 i 

76^ 

58 

78 

49 

23 

18 



5 
16 

1 



Wholly granular, very fine. 
Granular and fibrous, very fine. 

Wholly fibrous, very soft and fine. 
Wholly granular, very fine. 

Laminated fibrous, slightly granular. 

Laminated granular and flbrou& 



Laminated fibrous, and slightly 
granular. 



Laminated, wholly fibrous. 
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SUMMARY OF RESULTS, 

Linearly represented in 







KOTR—AH the pieces 


were taken promUcuotulv ttom Engineers 


or Merchants' 

i ^ 




^ 












BBBAKING WBIGHT 




!^ 


XJ3 












Pw Square Inch of Are*, 






8.2 


NMDMofthe 




















1 


II 


Uakan or Works. 


Shape. 


siie. 


Index Nob. 






OriginaL 






^ 












Lowest. 


mgfaeet. 


Mean* 














a. 


1. 


b. 


a. 


0. 


8. 






BOIJ.SD BABB. 










lb& 




lbs. 




lbs. 


101 




BsADLET & Ga (£) 8, 


Round. 


1 


183-186 


21 


56,004 


31 


66,036 


27 


67,216 


102 




LOWMOOS. 


,, 


1 


105-108 


8 


59,320 


5 


65,166 


8 


61,798 


103 




Fashlbt. 


»♦ 


1 


129-132 


6 


69,642 


7 


64,188 


8 


62,886 


104 




BBADLBTACk>.B.B.Scrap. S. 


♦» 


1 


137-140 


IS 


68,WI 


18 


69,998 


14 


69,370 


105 




LOWXOOB. 


Square. 


1 


101-104 


9 


59,202 


10 


62,298 


11 


60,364 


106 




BOWLIKO. 


Round. 


1 


121-124 


11 


58,678 


4 


65,701 


6 


62,404 


107 




^ GoYAxr. ^ 


« 


1 


725-728 


24 


55,526 


17 


60,668 


22 


68,199 


108 




t» •* 


« 


1 


721-724 


15 


57,738 


21 


69,726 


19 


58,746 


100 




II »» 




li 


709-712 


20 


56,007 


24 


59,302 


24 


67,596 


no 




GOYAV Ex. R Best 


„ 


i 


173-176 


IS 


56,595 


26 


69,104 


23 


68,169 


111 




Glasgow B. Best 


II 


1 


741-744 


12 


68,671 


19 


69,929 


15 


60,300 


112 




GovAH Ex. R Best 


Square. 


f 


157-160 


25 


65,297 


33 


57,328 


28 


66,655 


113 




t« t» 


Round. 


1 


169-172 


14 


68,252 


22 


59,726 


16 


59,109 


lU 




»» M 


II 


H 


165-168 


17 


67,362 


25 


69,276 


20 


68,338 


116 




Bbadlbt a Co. « B 


i» 


1 


145-148 


8 


61,263 


8 


63,604 


6 


62,231 


116 




Glasgow B. Best 


!• 


H 


218-221 


22 


55,918 


13 


61,296 


17 


68,910 


117 




»♦ t» 


„ 


1 


£13-217 


19 


56,121 


15 


60,817 


18 


68,886 


118 




GovAV B. Best 


„ 


1 


193-196 


2 


61,864 


2 


66,563 


1 


64,795 


119 




n »» 


II 


f 


231-234 


10 


58,886 


»4 


61,106 


12 


59,548 


120 




»» fi 


• 1 


1 


189-192 


4 


60,468 


11 


62,229 


9 


61,341 


121 




# GOYAV. # 




f 


209-212 


7 


59,493 


9 


63,547 


7 


61,887 


122 




GoYAs Ex. B. Best 


„ 


1 


161-164 


23 


66,653 


27 


69,070 


25 


67,691 


123 




If It 


II 


i 


177-180 


30 


53,266 


20 


69,820 


26 


67,400 


124 




Blochaibm B. Best 




1 


761-764 


28 


53,972 


SO 


68,049 


30 


66,141 


125 




Malinslbs 9 Best 


Flat 


fxl 


296-300 


29 


63,866 


28 


58,661 


29 


50,289 


126 




PoBT-DuMDAS Ex. B. Best 


Round. 


1* 


766-770 


85 


44,684 


32 


67,692 


32 


64,694 


127 






II 


u 


72&-732 


31 


62,776 


34 


66,404 


38 


54,579 


128 




GoYAH B. Best 




u 


181-184 


26 


54,245 


6 


64,675 


10 


60,879 


129 




« « 


„ 


1 


185-188 


5 


60,069 


3 


66,363 


4 


62,849 


130 




* GOVAH # 


II 


i 


206-208 


1 


62,846 


1 


66,630 


2 


63,956 


131 




M « 


i» 


1 


201-204 


16 


57,738 


16 


60,722 


13 


59,424 


132 




« n 


f« 


u 


197-200 


^ 


62,348 


12 


61,694 


21 


58,826 


133 




Bagnall a? jb 


II 


li 


701-704 


27 


54,123 


35 


66,067 


31 


65,000 


184 




DDSDTYAir. 


II 


1 


757-760 


33 


48,966 


23 


59,657 


34 


63,352 


135 




11 


„ 


li 


746-748 


34 


45,611 


29 


58,640 


35 


61,327 


136 


148 


TsTALTFKBA Puddled. 

BOIJL10D BABB 70B 
EIVBTB. 


Flat 


fxl 


77»-782 


36 


36,979 


36 


40,977 


36 


38,526 


137 




LOWMOOB. 


Round. 


f 


109-112 


3 


5fl,228 


4 


62,451 


2 


60,076 


138 




Bbadlbt A; Ca S B 0. 




1 


141-144 


8 


54,676 


10 


68,632 


9 


56,715 


139 




Ulybbston Rivet Best 




, 


i 


251-258 


10 


47,095 


7 


69,330 


10 


53,776 


140 




Thobhbtcbofp a Co. T N B. 




, 


H 


149-152 


4 


67,431 


5 


60,628 


4 


69,278 


141 




R. Solloch E. Best 




, 


H 


247-250 


7 


65,078 


8 


69,226 


6 


57,425 


142 




COATBEIDGB Best Rivet 




, 


Y 


235-238 


1 


69,013 


2 


63,577 


1 


61,723 


143 




Glasgow Best Rivet 




1 


i 


222-226 


6 


66,516 


9 


63,823 


7 


67,092 


144 




LobdWabdIi G0 W.B.O. 




, 


H 


153-156 


5 


67,188 


3 


6.%373 


3 


59,753 


145 




Blochairn Best Rivet 






Y 


239-242 


2 


68,506 


6 


69,900 


6 


69,219 


146 


44 


St. Rollox Best Rivet 




H 


243-216 


9 


47,248 


1 


68,848 


8 


66,981 



TABLE G. IRON BARS. 

Biagram-Plafees YII. VIIL 

Stores, except those marked ^., which were receiyed from the Makerai 
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BREAKING WEIGHT 










1 






Per Square Inch of Area. | 


CONTRACTION OP AREA. 


KLONOATION, 
























OHABACTBBISTiCB OP 


8tnteh4d. 


/Vart«««f. 




FraetM^. 


JEWtrvM*. 


PiiACTUIUb. 


Mean. 


Mean. 


Me..n. 


Mean. 




Mean. 


e. 


6. 


1 


6. 


ll. 


8. 


L 


0. 


L 


11. 


Crya 




lb& 




Iha. 




Voent 




^cent 




^ceat 


IPct 


11 


72,700 


1 


146,621 


1 


2L-2 


1 


60-9 


1 


30-2 


Bright grey, Tcry fine and soft. 


2 


16,290 


2 


131,676 


8 


190 


2 


631 


2 


265 


0' 




1 


77,200 


S 


127,425 


4 


18-5 


4 


50-6 


4 


26-6 







6 


74,378 


4 


123,806 


2 


19-9 


3 


5^-0 


8 


26-6 





Bright lightish grey, dose, and 
very line. 


14 


70,131 


5 


117.147 


16 


U'g 


7 


48-5 


6 


24« 


1 


5 


74,487 


8 


.114,220 


8 


16*2 


9 


45-8 


8 


24-4 







29 


64,676 


6 


116,549 


33 


10-0 


6 


801 


13 


21-4 


O-j 


21 


67,708 


9 


113,700 


19 


13-2 


8 


48-3 


5 


25-2 


light grey, imifurmly fine. 


30 


64.630 


7 


114,866 


31 


10*9 


6 


49-8 


7 


24-8 


QJ 


16 


68,446 


10 


101,863 


13 


16-0 


10 


42-9 


21 


19-2 


01 




17 


68,160 


11 


99,612 


20 


13-0 


12 


40-4 


19 


20t) 





BrighUsh grey, dose, and 


28 


64^797 


12 


99,000 


24 


12 6 


11 


42-7 


22 


19*1 





uniform. 


18 


68,140 


13 


98,827 


18 


138 


16 


40-0 


11 


22-3 







12 


70,645 


14 


97,821 


6 


17-4 


13 


40-3 


9 


23-8 


Oi 




3 


75,133 


15 


97,575 


6 


17-2 


28 


36-2 


12 


22-2 


1 6 Bright giey, line, hut irregular. 1 1 


22 


67,404 


16 


97,669 


26 


12-6 


14 


40-3 


14 


21-3 


0' 




13 


70,260 


17 


97,648 


9 


16-2 


16 


39« 


10 


23-2 


2 




7 


74,246 


18 


97,246 


27 


12-5 


27 


33*4 


27 


17-8 


6 




23 

9 


67,333 
73,527 


20 
19 


95,706 
96,442 


29 

7 


11-6 
16-6 


20 
22 


37-7 
36-4 


30 

20 


16-9 
200 



13 


Brightest grey, dose, and 
generally uniform. 


8 


73,869 


21' 


96,319 


10 


161 


26 


361 


24 


18-8 


3 




26 


66,242 


22 


96,248 


21 


13-0 


17 


39-5 


26 


17-3 







20 


68,018 


23 


92,880 


11 


15-6 


18 


38-0 


25 


17-6 







25 


66,272 


24 


90,313 


12 


153 


19 


37-8 


16 


21-8 


8^ II 


27 


66,596 


27 


88,300 


14 


14*2 


21 


370 


15 


21-4 


19 




81 
33 


62,645 
61,496 


28 
29 


86,663 
85,012 


23 
30 


12-7 
11-2 


24 
26 


361 
35-8 


17 
18 


20-6 
20-8 


18 
6 


Generally close and fine, hut 
irreguhir. 


15 


69,161 


30 


84,770 


28 


12t) 


29 


28 2 


29 


17-0 


43 




10 


78,111 


26 


88,550 


17 


137 


28 


28-9 


23 


19-1 


26^ 




4 


74,585 


26 


88,612 


16 


14-2 


30 


277 


33 


I6-8 


351 


19 
24 


68,106 
67,046 


31 
32 


79,873 
78,139 


26 
22 


12-6 
13t) 


33 
32 


251 
25-3 


32 
31 


16-4 
167 


26 


32 


61,700 


33 


76,351 


32 


10-9 


31 


27-0 


28 


17-3 


16 J 


34 


66.889 


34 


68,304 


34 


6-2 


34 


8-5 


34 


6-8 


^* I CoMse and very hard. 
98) "" 


35 


53,436 


36 


64,100 


35 


4-0 


35 


6-1 


35 


6-3 


36 


88,996 


36 


39^70 


36 


1-2 


36 


2-4 


36 


2t) 


74 Coarse and open. 




72,685 




12^776 


8 


17-3 


1 


52-2 


6 


20'8 


®1 




70,503 




112,336 


2 


196 


2 


49-5 


2 


22-5 


- Unlfbrmly very line and soft 




67,324 




104,680 


1 


201 


3 


43-6 


4 


21-6 


oJ 




71.640 




99,696 


4 


17-1 


6 


40-4 


3 


22-4 


0^ 




65,590 




96,969 


8 


124 


5 


407 


9 


177 







8 


70,898 
67,103 




96,267 
96.206 


7 
6 


13-2 
14 9 


8 

4 


36-9 
407 


5 


21 -6 
237 




1 


Generally fine and uniform. 


2 


71,621 


8 


95,724 


6 


16-4 


7 


37-6 


8 


18-6 


1 




6 


67,505 


9 


89,279 


9 


12-2 


9 


84-3 


7 


19-4 


oi 




10 


63,325 


10 


77,388 


10 


9-6 


10 


26-8 


10 


16-6 


42 Extremely irregular and hard. ^ 
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SUMMARY OF RESULTS. 

LinMrly repmeated in 

NoxB.— All fhe pieces were taken pramUeuaudp from Enj^ineers' or Mercbantp* 






1 












bbbakino weight 




i 


\i 


















Names of Che 




















1 




Shape. 


Siae 


Index Nos. 








Origimai, 








w a 


Makers or Works. 




















^ 


1 










Lowest 


Highest. 


Mean. 














a. 


1. 


b. 


a. 


a 


8. 






BDJJiJED BAB8, 
TUBNXD. 










lb& 




ii)& 




lbs. 
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BOVLDia 


Bound. 




126-128 




59,670 


1 


62,886 


1 


61,477 


148 




<$> GOYAN <^ 


^ 




713-716 




66,005 


4 


59,605 


3 


57,288 


149 




LowKOOK, (planed.) 


Sqnara 




113-116 




69,135 


2 


61,805 


2 


60,245 


160 




Glasgow B. Best 


Round. 




733-736 




63,844 


5 


67,738 


6 


56,633 


151 




Baomall ® J B 


n 




70&.708 




63,723 


6 


66,539 


6 


55,381 


152 


24 


DmiDTVAH. 

BOIiIiBDBABS, 
FOBaXD. 


♦♦ 




749-762 




61,906 


3 


60,069 


4 


65,995 


153 




LOWKOOB. 


Round. 




117-120 


1 


64,871 


1 


67,876 


1 


66,392 


164 




<$> GOYAV <S> 


,, 




717-720 


4 


66,000 


8 


58,740 


4 


57,095 


156 




MxxsBT Go. Best 


^^ 




259-263 


2 


57,690 


8 


62,411 


2 


60,110 


156 




Glasgow B. Best 


^^ 




787-740 


6 


61,846 


6 


69,606 


5 


66,112 


167 




Do. da 


,^ 




226-280 


3 


66,316 


4 


60,695 


3 


59,045 


158 




DUNDTTAir. 


,. 




753-766 


6 


48,014 


2 


62,429 


6 


64,247 


169 




GovAW Puddled. 






771-n4 


7 


83,160 


7 


66,323 


7 


46,771 


IGO 


34 


TsTALTPBBLA Puddled. 


" 


H 


776-778 


8 


20,521 


8 


39,000 


8 


29,626 






HAMMXBXD, 
















161 






280-283 




62,665 




54,070 




53,420 


162 






284-287 




64,070 




67,526 




66,878 


163 




Crank Shaft, Scrap-iron, cat out, Length 


288-298 




46,460 




49,671 




47,682 


164 




Da da da T^ength 


783-788 




43,420 




44,561 




43,769 


165 




Da da da Cross 


294-295 




44,453 




44,703 




44,678 


166 




Da da da Cross 


789-796 




32,683 




40,467 




38,487 


167 




Armonr Plate, da Cross 


797-799 




36,646 




40,745 




38,868 


168 


36 


Da da da Cross 
FOBXiaN THiTlBD BAB8. 


800-802 




84,614 




89,213 




36,824 


169 


4 


Swedish B 7 


264-267 




47,884 




48,987 




47,865 


170 


4 


Russian ^D 


272-276 




44,600 




66,190 




49,564 


171 


1 


Swedish 00 


803 




_«. 








48,933 


172 


1 


SWBDISH SB s w 


804 













43,609 


173 


1 


Swedish % 


806 













42,421 


174 


1 
12 


Russian K) P 8 

70BXIGN THiTlSD BABS, 
FOBaXD. 


806 












69,096 


176 


4 


Swedish B F 


268-271 




46,869 




49,605 




48.232 


176 


4 


Russian KD 


276-279 




62,334 




65,616 




56,805 


177 


1 


Swedish QQf 


807 














50,262 


178 


1 


Swbdish ce a 


808 












41,251 


179 


1 


Swedish S s W 


809 












44,230 


180 


12 
310 


Russian K) P 8 


810 














51,466 









































TABLE Q, IRON BARS. 

JMagmt-SUtM Vn. TIIL 

Stone, except thoae marked B., which were recetved from the Uaken 
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BBBAKINO WBIOHT 
FerBquurelnehof An*. 


OONTBAOTION OF ABBA. 


BLOMOATZOH. 




StrtUhed. 


Frathtr^d, 


etrettlud. 


I^attured 


BMtmh*. 


0HABA0TBBI8TIC8 OF 




















FBACTUBB. 


Mean. 


M«MI. 


Mem. 


Mean. 


Mean. 


e. 


ft. 


t 


6. 


h. 


& 


t 


0. 


L 


11. 


Crya 




Iba. 




IlML 




Voent 




Voent 




Veent 


Vet 




73,863 


1 


120,229 




167 


2 


48-8 


1 


26t) 


Ol ,. .. 




86,465 


2 


116,869 




12-6 


1 


51-0 


2 


25*6 


0) *»""• 




88,840 


8 


114,410 




12-5 


3 


47-3 


3 


23-8 




65,334 


4 


86,690 




15-0 


4 


35-8 


4 


21-3 


8 Close and fine, but iiregnlar. 




62,324 


5 


80,638 




111 


6 


31-3 


5 


191 


9 Rather coarse and Irre^fular. 




69,824 


6 


63,280 


6 


6-4 


6 


11-5 


6 


111 


70 Coarse and very bard. 




77,883 
65,070 


1 
2 


116,040 
112,706 


1 
3 


14-2 
121 


2 
1 


42-3 

49-2 


3 

1 


20-2 
231 


^ j. Very fine and uniiiBrm. 




66,394 


8 


86,296 


6 


8-2 


4 


30-6 


5 


16-9 


15^ 




62,677 


4 


81,508 


4 


10-4 


8 


311 


4 


18-6 


7 Fine, bnt rather iiregolar. 




68,003 


6 


80,053 


2 


131 


6 


26-2 


2 


30^ 


26J 




58,872 


6 


60,856 


6 


7-6 


6 


10-8 


6 


7-8 


75 Coarse and yery hard. 




47,292 
29,626 


7 
8 


48,057 
29,818 


7 
R 


1-6 
0-0 


7 

8 


3-2 
0-0 


7 
8 


8-4 

0-6 


J- Coarse and very irregular. 


1 


07,218 
66,«70 




94,106 


1 


20-6 




43-2 




24-8 


• 


a 




72,631 


2 


14-7 




22-9 




US 


g Bright grey, dose, and fine. 


s 


53,610 




60,003 


3 


12-8 




207 




231 


72] 




5 


49,323 




56,910 


4 


11-3 




231 




20-5 


44 




4 


49,917 




60,971 


5 


107 




12-6 




16-8 


60 


Whitidi grey and lustroua 


7 


40,991 




42,029 


7 


61 




8-5 




8*4 


S6j 




6 
8 


42,767 
38,298 


6 
8 


44,611 
39,066 


6 
8 


91 
3-9 




12-8 
5-9 




117 
6-4 


^ [■ Trftminated, flbrona 




67,484 




121,066 




16-8 




60*5 




27-8 


Very soft, and uniformly fine. 




56,650 




73,118 




107 




321 




13-3 


18] 






56,346 




141,702 




131 




66-5 




17-0 









61,964 




77,349 




16-3 




437 




15-3 





Very fine, butextremely varied. 




48,166 




63,632 




11-9 




38-3 




16-2 









61,160 




68,047 




8-4 




181 




6-0 


66j 




66,285 




150,760 




127 




68-0 




26-4 


Very soft and uniformly fine. 




63,685 




77,632 




12-4 




281 




15-3 


47^ 






66,601 




188,731 




9-4 




78-3 




187 









46,674 




96,610 




11-4 




681 




14*8 





Very fine, bnt extremely varied. 




62,484 




83,851 




167 




47-3 




16-8 









56,670 




67,907 




9-2 




24-2 




7-6 


2J 
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SUMMARY OF RESULTS. 

linearly repretented in 
KoTK— All the pieces were taken promUcuoudy from Engineers* or Merchants* 



h 


5 






1 


BRBARIMO WEIGHT 


HamMOftlio 
llaken or Works. 


Thick. 


; 


Index No. 


Per Square Ineh of Orifinal Area. 










^ 






.3 




Lowest. 


' Highest 


»:ean. Mean. 














a. 


1. 

lbs. 


b. 


2, 
lbs. 


0. 


3. 4. 

lbs. lbs. 


d. 


201 




Farvlbt. a. 


1 


L 


438-441 


1 


56,l7i 


1 


62,644 


2 


P»^- 


1 


202 




& 




C 


442-445 


1 


52,955 


2 


56.546 


1 


203 




Fasmj^t. 


i 


L 


421M31 


2 


65,681 


2 


61,181 


1 


54;oS" ^*^ 


2 


204 




,, 


»t 


C 


4.^2-437 


2 


49,612 


1 


60,766 


2 


205 




LOWMOOR. 


A 


L 


401-405 


15 


47,426 


7 


57,881 


15 


s->^ 


9 


206 




„ 




C 


406-410 


5 


47,426 


6 


55,368 


6 


207 




Faxn-lbt. 


i 


L 


421-424 


7 


61,541 


5 


69,443 


4 


»«.". 


10 


208 




„ 


»t 


C 


425-428 


18 


40,541 


13 


60,136 


15 


209 




BoWUHCk 


f 


L 


411-416 


8 


51,443 


17 


63,188 


14 


46,441) *®'*^ 


13 


810 




„ 


,t 


C 


416-4V0 


14 


43,074 


14 


50,136 


14 


211 




O OOYAM. O 


» 


L 


968-973 


10 


50.953 


10 


57,659 


8 


»«^o. 


6 


212 


6 


»f >* «« 




C 


974-979 


8 


46,127 


9 


62,303 


8 


213 


S 


BaADLBT&Ga SC 8 


if 


L 


453-455 


4 


53,889 


6 


58,534 


5 


»«.1~ 


4 


214 


3 


« »» »» 


„ 


C 


456-458 


8 


47,632 


4 


55,414 


5 


215 


6 


BSADLXT A Go. Ii F 


ftoi 


L 


459-464 


3 


54,687 


3 


60,985 


3 


56.99^ e. ,ao 


3 


216 


6 


If « 


„ 


C 


465-470 


6 


47,410 


3 


55,697 


3;5l,25li *^*— 


217 


3 


Bbadlet a Co. 


ftoi 


L 


471-473 


9 


51,295 


* 


60,697 


6 


49,425) **'^^ 


5 


218 


3 


» tt 


„ 


C 


474-476 


7 


47,238 


11 


51,025 


7 


219 


S 


Malikslek S Best 


f 


L 


859-S60 


6 


52,466 


19 


52,679 


12 


»«.«» 


7 


220 


2 


t» " 


w 


C 


8614*62 


4 


47,453 


6 


53,801 


4 


221 


3 


CossETT Best Best 


1 


L 


446-448 


14 


47,613 


16 


54,403 


16 


46,712; «'»^ 


14 


222 


4 


t« t< 


M 


C 


449-452 


9 


46,062 


19 


47,613 


12 


223 


10 


Da Do. 


A*A 


L 


911-920 


11 


49.850 


9 


57,760 


10 


»«.«" 


12 


224 


10 


tt " 


tt 


C 


921-930 


17 


40,807 


12 


50,362 


16 


225 


24 


Da Da 


iV*oi4 


L 


863-886 


21 


41,130 


14! 65,768 


17 


4rs755) *''»*^ 


16 


226 


24 


»» »» 




C 


887-910 


16 


40,873 


7|53,353 


11 


227 


3 


Thobhsycboft Best Best 


H 


L 


941-943 


5 


52,607 


13 ' 66.080 


7 


»••-- 


11 


228 


2 


It f< 


In 


C 




11 


44,425 


21 


46,745 


17 


229 


5 


Snbdshill « Best 


At»A 


L 


931-935 


13 


47,684 


12 


56,233 


13 


43,036) *'''®^ 


16 


230 


5 


•t t« 


tt 


C 


936-940 


19 


38,905 


20 


47,255 21 


231 


6 


WEii-j Best ® Best S. 


«*« 


L 


946-951 


23 


40J92 


20 


52.021 22 


49,'3I1) *'''•** 


17 


232 


6 


.. «• 




C 


95^-957 


13 


44,184 


10 


52,035 


9 


233 


6 


Glasgow Best Boiler. 


ftoH 


L 


503-508 


12 


48,016 


11 


56,317 


9 


48,848) ®*''*™ 


8 


234 


6 


„ „ 




C 


509-514 


10 


46,761 


8 


52,959 


10 


235 


18 


Glasgow Best Best 


itof 


L 1573-590 


16 


46,628 


8 


57,804 


11 


»«.«» 


18 


216 


14 


« »» 


ft 


c 


591-854 


23 


37,237 


17 


49,083 


22 


237 


7 


WEi-wBest SB Best 


A*A 


L 


477-483 


22 


41,002 


15 


54.406 


20 


4M10>__, 


19 


238 


7 


»» ♦» 


t» 


C 


484-490 


16 


42,581 


15 


49,441 


13 1 46.630)' "'"^ 


239 


6 


Maker's Stamp uncertain. 


Atott 


L 


627-532 


17 


43,290 


22 


49,8J8 


19 1 47,59h)^ ^^ ,^^ 


23 


240 


6 


«i ** 


tt 


C 


533-538 


22 


37,330 


24 


44,612 


25 


40,682f "'*'' 


241 


3 


K.B.M. 


^ 


L 


491-493 


18 


43.232 


21 


61,285 


21 


»«.»•* 


21 


242 


3 


„ 


n 


C 1494-496 


12 


44,195 


22 


45,402 


18 


243 


5 


Llotds, Fostkb, & Co., Best 


AtoA 


Li 958-962 


20 


42,690 


25 


47,609 


24 


S*^- 


22 


244 


5 


»» »» 




C 963-967 


26 


36,007 


18 


47,903 


19 


246 


11 


Glasgow Best Best 


At^H 


L| 551-561 


24 


38,605 


24 


48,544 


23 


H*""* 


24 


24« 


11 


tt tt 




C 562-57-2 


21 


37,878 


23 


45,379 


24 


247 

i48 


6 
6 


Glasgow Ship. 

tt tt 




L 515-520 
C 521-526 


26 
26 


37,474 
32,450 


18 
16 


53,370 
49,842 


18 
20 


44^355; *®'^^ 


20 


249 


3 


MossEND Best Best 


ff 


L: 497-499 


19 


43,012 


26 


43,992 


26 


»-.- 




250 


3 


tt tt 


tt 


Cj 500-502 


20 


38.007 


25 


43,875 


23 


25 


251 


6 


GoYAN Best 


ifcoi 


L 539-544 


26 


38,3.98 


23 


49,6n 


25 


S".'" 




252 


6 


tt tt 


tt 


C 545-550 


24 


36,460 


26 


43,069 


26 


26 


253 


4 

3«) 


Glasgow Best Scrap. 


1 


L ai5-858 




47,069 




53,553 




50,844 





TABLE J, IRON PLATES. 

Biagram-PUte IZ. 

Stores except those marked A, which were receiyed firom the Hakera 
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BREAKING WEIGHT 1 


CONTRACTION 


ELONGATION 


. 






p. sq in. of Frcuthured Area- 


of Areaat JVa«tiir«. 


S»tr«m*. 






CHARAOTERISTIOB OF 












FRAOTURfE. 


Mean. Uean. 


Mean. Mean. 


Mean. Mean. 






f. 


6. 7. 
Iba. Iba, 


g- 


1. 


0. 10. 

^cent. 


k. 


L 


11. 12. 
^cent 


xu. 


Crys. 
^ct 


1 
1 


»'«.•«' 




1 
1 


n- 


1 


1 
1 


;i^}"« 


1 


41 
27 




2 
2 


»«."• 




2 

4 


T;ib-^ 


3 


10 

7 


z\-^ 


8 








8 
3 
3 
10 






8 

3 
5 
2 




2 
4 


3 
2 
2 
3 




2 
3 





1 



Light grey, of varions shades, close, 
and very fine. 


12 
13 


S0,009> "••'™' 




8 
12 


'^Ih" 


11 


7 
8 


vt - 


7 


19 
8 




6 
8 


3-."* 




4 
10 


V.}^^ 


5 


6 
5 


":} ^«» 


5 



0. 




4 

6 


»«.- 




6 
8 


Ti^" 


6 


5 
11 


'^:} <«» 


6 


3 
8 




5 

4 


56,070r ^^'*^ 




9 
9 


l^fu-o 


8 


4 

9 


'iz •-» 


4 


12 
9 




7 
9 


»».»" 




11 
11 


':!}"•• 


10 


11 
13 


'HI ^ 


9 


17 
15 




11 
5 


»".- 




7 
7 


■r^}"* 


7 


16 
10 


!:}'^ 


13 


17 
22 




16 
12 


»».»« 




13 
6 


H"-' 


9 


15 
6 


r^- 


12 


42 
27 


and generally line. 


10 
15 


ii"'" 




12 
17 


■ri- 


14 


8 
18 


'i^} - 


11 


15 
6 




17 
14 


5o]oOO) *^'''^*^ 




15 
15 


'j:^} •- 


15 


17 
12 


n «•«> 


16 


17 
15 




9 
19 


47;712} ",280 




14 
22 


'!^} ••<• 


17 


9 
15 


«} '- 


10 


51 
35 




13 

20 


6^581) 
45,300f ^^'^ 




10 

18 


■n^o- 


13 


12 
21 


^}'-> 


17 


10 
25J 




21 
7 


54,842; 52'»»1 




18 
5 


n«^» 


12 


18 
4 


V.} «« 


16 


6] 
2 




14 
11 


S-^aav 




16 

14 


'l^ s- 


16 


13 
14 


Hf «<« 


u 


n 




15 
22 


» 51,85 
»->335 




17 
23 


''^ r. 


21 


14 
22 


H} »- 


18 


52 
25 




20 
16 




22 


n}^-« 




23 


V} »™ 




10 


Dun grey, generally rather coarse 




20 


22 


19 


22 


10 


and in-egular. 


18 
25 


43,426) **'*^ 


22 


20 
19 


H} - 


20 


20 
23 


^1} *- 


21 


16 
10 




19 
18 


»«.- 


20 


19 
16 


':^} - 


18 


19 
17 


::i} ««• 


19 


1 
5 




23 
17 


»«^- 


21 


21 
13 


:;} - 


19 


21 
16 


:^} *•<« 


20 


17 
22 




24 
24 


»«.»" 


24 


25 
26 


s »•• 


26 


22 
24 


a? '" 


23 


41 
31 




22 
21 


:S«.*30 


23 


26 
24 


^^f " 


25 


24 
25 


V} «■«» 


25 


48 
49 


Irregular, generally coarse and open. 


25 
23 


»-'«- 


25 


24 
21 


III " 


28 


26 
20 


H} »" 


24 


22 
16 




26 
26 


4oS"'^" 
58,412 


26 


23 
25 


13-0 


24 


25 
26 


10-5 


26 


12 
10 J 
23 


Close and fine. 



152 



SUMMARY OF RESULTS. 

linaady vspreMiitodia 

Non.-rAn the pieces were taken promUevoiulif from Engineers* or Mercbants* 



i 


i 


Names of ths 
MakonorWorlu. 


Mm. 


Index Not. 


BRIAKINO WBIOHT 

PerBquanlnchofAraa, 

Orighua. 


Lowflrt. 


Highert. 


MeMi. 












a. 


1. 


b. 


2, 


0. 


1 
8. 






ANaiJl-IBON. 








lbs. 




lbs. 




IbSL 


271 




Fabhlbt. 


A 


669-672 




58,772 


1 


63,716 




61,260 


272 




GiJLWOW Best Scrap. 




626-631 




53,504 


8 


58,353 




56,094 


278 




Eaqlb Best Best 




657-ftS8 




53,306 


7 


56,534 




54,727 


274 




Glasgow Best Best 


A 


632-635 




54,967 


5 


67,119 




55,937 


275 




Albion S Best 




648-650 




54,061 


4 


57,917 




56,157 


276 




Albion Best. 




651-653 




51,780 


12 


52,338 




52,159 


277 




Glasgow Best Best 


A 


640-648 


11 


47,012 


6 


57,123 




53,300 


278 




GoNSKTT Best Best 




063-668 




52,384 


8 


56,100 




53,548 


279 




Glasgow Best Best 




644-647 


9 


50,892 


11 


52,491 


10 


51,800 


280 




Albion Best 


H 


654-656 


10 


50,044 


10 


52,807 


11 


51,467 


281 




Glasgow Best Best 


f 


636-639 


8 


51,284 


2 


50,336 




56,520 


282 




Eaglb. 


u 


660-662 


12 


46,457 


18 


52,833 


13 


50,056 


288 


51 


CONSRT. 

BKTP STRAP, AND 
BILAM-IBON. 


A 


618-621 


13 


43,087 


9 


54,962 


12 


50.807 


284 


4 


Glasgow. 


t* 


601-604 




54,006 




60,455 




55,937 


285 


4 


DUNDTTAN. 


*H 


605-608 




54,444 




56,538 




55,285 


286 


6 


Thobnbtcboft. 


i 


612-617 




48,141 




56,649 




52,789 


287 


3 


Mobsbnd. 


Ai 


609-611 




39,534 




51,985 




45,439 


288 


4 
21 


DowLAia 


i 


622-625 




87,909 




48,817 




41,386 



TABLE K, ANGLE-IRON, &C. 

Diagzani'Plate Z. 

Stores, except those marked 8., which were receired from the Makers. 
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BREAKING WEIGHT 

Per Square In of Area, 

Fraehirtd. 


Mean. i 


g- 


7. 




lh& 


1 


104,468 


2 


71,764 


3 


71,441 


4 


70,706 


5 


69,367 


6 


67,693 1 


7 


65,770 


8 


65,554 


9 


64,962 


11 


60,675 


10 


62,378 


12 


58,545 


18 


58,201 


1 


97,606 


2 


63,635 


3 


59,918 


4 


50,459 


5 


46,844 







CONTRACTION 
OF AREA. 
Fractured. 


ELONGATION, 




CHARACTERISTICS OF 
. FRACTURE. 


Mean. 


Mean. 




1. 


9. 


1. 


11. 


Crys. 




ijg cent. 




^cent 


^ceut. 


1 


41-4 


1 


20-9 





Soft and very fine. 


6 


201 


3 


15-0 


44 




2 


23-4 


6 


13-7 


44 


Close, fine, and oniform. 


4 


20-9 


2 


15-4 


43 




7 


191 


5 


14-0 


83^ 




3 


22-8 


4 


141 


10 




8 


18-9 


7 


12-8 


19 




9 
5 


18-3 
20-3 


9 
8 


12-6 
12-7 


9 
35 


Generally fine, bat rather varied. 


11 


151 


10 


11-2 


8 




13 


11-0 


12 


8-5 


53 




10 


15-3 


11 


8-8 


18 




12 


11-7 


13 


6-8 


14 


Fine, bat rather open. 




16-9 


1 


10-8 


15] 






130 


2 


8-0 


26 






121 


3 


8-0 


15. 






9-2 


4 


5*2 


48 


Rather coarse and Irregular. 




9*8 


5 


4-8 


12 


Loose and Irregolar. 
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RATE OF ELONGATION. 

ThoM murlced t wwe 

Tbe MeasnrementB were taken 

NonL—All the pieces were taken prmntseuouOv from Englneen* or Merchants* 



tf 
















KZTSNSION 


1 




NMiuMoftiie 


1 


[lld«X 


ATM 

Of 


UltiiiMte 
Straigth 


intimate 




1 














IfakonorWorta. 




•ad 
TM9. 


Sped- 


IW«Q. 

Inch. 


Bxtenaton. 


3 S 


§ § 


§ 


§ 


i § 






H 










s s 


5 s 


sf 


8 


sf a 




BOIiIiBD ntON BAB8. 






sq.in. 


lbs. 


1 


1 


i 

o 


& 4. 


0. 6. 


7. 


& 


0. 10. 


901 


t 


O GOTAH. O 


Boned. 


fTll 


1-2271 


66,701 


28-0 


6-92 


247 










^^ 


302 




Glasgow B. Best 


' 


790 


1-2271 


55,697 


90-0 


7-28 


24-8 












903 






745 


1-2271 


58,640 


30-0 


3-52 


117 












804 


: 


Baqnall ® J B 




703 


1-2271 


54,731 


30-0 


3-36 


11-2 












905 


LowMooB, (square.) 
GoyANB.Best 




109 


1-0403 


59,990 


90-4 


7-20 


237 












906 




* 


189 


1-0029 


62,201 


28-0 


5-68 


20-3 












907 


t 


GoYAN Ex. B. Best 




168 


1-0387 


67.862 


28-0 


6-24 


22-3 












308 


Fo]tT-Dinn>A8 Ex. B. Best 




765 


0-9852 


57,602 


28-0 


6-96 


24-9 












309 


t 


* GOVAK. # 




200 


1-0387 


52,948 


28-0 


2-56 


91 












310 




GoyA]ffB.Best 


!! 


181 


1^0029 


54,245 


23-0 


1-44 


61 


•* 










811 


t 


• GovAir. • 


Boiled. 


201 


-8498 


60,722 


26-0 


2-96 


11-4 










•00 


812 




DnHDTVAxr. 


Forged. 
Boiled. 


753 


•8333 


62,429 


30-0 


5-04 


167 


*' 








no 


313 


1 


BowLnro. 


122 


7854 


63,634 


28-8 


7-20 


25-0 










-28 


914 


BOWLIKO. 


Turned. 


127 


-7854 


60,817 


26-8 


7-60 


28-4 










-30 


315 


? 


Fasvlbt. 


Boiled. 


129 


■7854 


64,138 


27^2 


7-20 


26« 










-37 


916 


O GOVAN. O 




721 


-8171 


59,726 


24-0 


6-52 


27-2 










tM 


317 




GovAxr Ex. B. Best 




169 


•8171 


59,726 


26-0 


680 


26-2 










•13 


818 




DUHDTTAN. 


. 


767 


•8171 


69,667 


27-2 


4-68 


17-2 










•06 


319 




Glasgow B. Best 




798 


-8833 


OT,590 


26-0 


4-92 


19-0 










•02 


320 


t 


LOWMOOB. 


»» 


106 


•7854 


62,635 


28-8 


7-44 


25-9 










•17 


321 


t 


BSADLBT B. B. Scrap. 8. 


Boiled. 


138 


•7854 


59,670 


30-4 


8-24 


27-1 










•20 


322 


f 


GoTAH B. Best 


^j 


187 


^854 


60,069 


26-0 


6-40 


24-6 










-08 


923 


f 


DUHDTYAN. 


Turned. 


749 


-7854 


60,069 


30-0 


5-44 


181 










•06 


324 


1 


Glasgow B. Best 




734 


-8171 


65,761 


30-0 


6-40 


21-3 










•11 


325 


Bbadlbt K B. Scrap. S. 


Boiled. 


140 


•7854 


58,671 


30-4 


7-60 


25-0 










•10 


326 


1 


B&ADLBT. (t) 8. 




136; -7854 


^6,004 


25-6 


7^44 


29-1 










•22 


327 




Bbadlbt. ® & 




1351 -7864 


57,039 


25-6 


7-44 


291 










•10 


328 


■ 


O GOVAW. o 


Fogged. 


718 


7698 


67,141 


26-0 


6-32 


24-3 








•10 


•15 


329 




O GOVAH. O 


Turned. 


2764 


7854 


57,003 


30-0 


7-80 


26-0 








•18 


■33 


390 


Bagsall 3 J. B. 


»» 


7854 


56,005 


30-0 


6-52 


18-4 








•07 


•19 


331 




Blochairn B. Best 


BoDed. 


•7854 


53,972 


27-2 


6-40 


234} 








•28 


•50 


332 




Glasgow B. Best 




g217 


7698 


66,121 


82-0 


7-48 


23-4 








•25 


•47 


333 


t 


Malinsleb SS Best 


,j 


297 


7500 


57,620 


26-8 


6-24 


23.3 








•03 


•12 


334 




Glasgow B. Best 


„ 


218 


•6650 


61,296 


24-0 


5-60 


23-3 








•10 


•27 


335 


t 


Bbadlbt O SO 


ft 


146 


«J20 


62,344 


29-2 


7-40 


25-3 




•16 




•80 


•75 


336 




* GOYAN. # 




207 


•6362 


62,845 


26-0 


4-28 


17-8 




•07 




•14 


•30 


337 


t 


LowxooB, (square.) 
Gk>YAN B. Best 


Flawed. 


113 


•6084 


61,805 


28-4 


6-40 


22-5 




•30 




•63 


1-06 


338 




BoUed. 


191 


•6220 


60,453 


24-0 


5-64 


23-6 




•06 




•16 


0-47 


339 




GoYAN B. Best 




192 


•6220 


60,453 


24-0 


4-00 


167 




-OB 




•18 


0-45 


340 




GoYAN Ex B. Best 


„ 


173 


•6862 


59,104 


24-0 


4-64 


19-3 




13 




•29 


0-49 


941 


GoYAN Ex. B. Best, (Square.) 


Boiled. 


167 


•5929 


57,338 


32-4 


6-08 


18-8 




•29 




72 


1-05 1-45 


342 




Glasgow Best Rivet 




223 


•5945 


56,615 


21-6 


6-12 


237 




•12 




•35 


0-53 0-85 


343 


t 


LOWKOOB. 


Forged. 
Rolled. 


119 


•6026 


65,622 


22-0 


4-92 


22-4 


-05 


•ao 




•60 


075 1<» 


344 




QoYAS B. Best 


193 


•4657 


66,653 


22-0 


4-00 


18-2 


-06 


•27 




•68 


0-80 110 


345 


t Thobhetcrovt, T N S 




152 


•6153 


57,431 


29-6 


6-16 


20-8 


•16 


•60 




1-12 


1-55 2-27 


346 




St. Rollox Best Rivet 


,^ 


245 


•5185 


55,726 


27-2 


412 


151 


'10 


•50 




1-00 


1-48 2-15 


347 




* GOYAK. # 


•t 


211 


•4657 


61,804 


23-2 


4-88 


21-0 


■16 


•40 




0-90 


1-38 210 


348 




Gk>YAK Ex. B. Best 


ft 


177 


•4657 


59,820 


22-0 


4-48:20-4 


•17 


•30 ^48 


076 1-03 


1-58 2-33 


349 




GOYAV Ex. B. Best 




161 


•4636 


69,070 


32-8 


7-28 


22-2 


•37 


70 I'lb 


178 270 


3-65 5-00 


350 




Gov AN B. Best 


•> 


232 


•4636 


59,316 


33-2 


5-60 


16-9 


•22 


•62 0^82 


1-30 


2-00 


2-90 4-00 


351 




Bloghaibm Best Rivet 


Rolled. 


241 


•4417 


59,013 


27-2 


5-00 


18-4 


:^9o 


•60 0-95 


145 2-00 


3-00 4-00 


352 


t CoATBRiDOB Best Rivet 


„ 


238 


•4417 


59,013 


27-2 


4-68 


17-2 


•20 


•50 0-92 


138 2-02 


2-92 3-90 


853 


t Bradlbt O S C Rivet 


»» 


143 


•4417 


55,463 


27-2 


5-68 


20-9 


■60 


-82 116 


1-85 272 


4-56 


354 


t 


Ulybbstoh Rivet, Best 


tt 


253 


•4417 


68,000 


26-8 


5-62 


20-6 


•12 


-45 0-80 


1-22 1*82 


2-80 


965 




LOWMOOB. 




109 


-3712 


62,451 


26-4 


6-24 


19-9 


•30 0-66 


0-90 1 35 


2-10 310 




356 




R Solloch K Best. 


„ 


247 


•3848 


59,226 


26-4 


6-04 


22-9 


•20 0-55 


1-00 1-65 


277 4-33 




367 


Lord Wabd l W W B O 


,t 


156 


•3848 


57,188 


26-6;3€8 


14-4 


-09 0-25 


0-68 1-20 


210 4-00 




358 


t 


Ulybbstok Rivet, Best 
Glasgow B. Best 




257 


•4417 


48,870 


26-86-40 


23-9 


-62 1-00 


1-62 2-44 


3-90 






359 




„ 


744 


•3116 


58,671 


22-43-88 


17-3 


-88 1-62 


3-02 








360 




O GOYAN. O 


" 


725 


-3116 


60,668 


22-44-80 


21-4 


•84 1-47 


2-47 









TABLE L, OBSERVED. 

MlMted in TaUe M. 

with a qvArter-of-an-inch scale. 

Stores, except those marked &, wblch were received from the Makem 
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UKDBB PB00IIS88ITE STBAUB. 






I § 



i 3 









58 5 



i § 



3 S 



g 3 



3 § 

S 5 






i i 

3 S 



S & 



11. 13. 



•00 
•00 
•49 
•57 
•65 
•15 
•30 
•12 
•10 
•35 

•38 
•20 
•17 
•47 
•27 
•55 
•28 
•51 
•60 
•46 

•72 
•82 
•40 
•55 
1-28 

0-64 o-as 

r602-03 



1& 14. 



•11 
•07 
•09 
•17 
•18 
•02 

•07 
•05 



15. 16. 



•12 
•01 
•03 
•28 
•18 
•24 



17. 18. 



-72 
•86 
•77 
•36 
•W 
•S2 
•28 
•70 

•70 

'4n 

•S5 
•79 
•85 
•99 

•67 
•80 
118 



•37 
•28 



•27 
•20 
MO 
1-37 
1^05 
0-67 
0-97 
0-60 
0-52 
MS 

118 
0^85 
073 
M9 
1-40 
r55 
115 
1-20 
1-83 
1^87 



19. 90. 



•41 
•34 

•06 
•80 
•83 
•65 
•70 
1^07 
0-70 
0-20 

0-90 

0^77 

1-68 1\95 



'44 

•10 

•62 

•40 
1-42 
1-90 2-27 2-64 



rso 



1 •OS 1-30 1-65 
r55l-95 2-30 
l'00l^36 1-72 



0-92 



1^92 
r47 
M5 
1-87 



235 
1-77 
1^65 
2-35 
2-25 2-77 



276 
2-30 



2-25 

175 
1-47 1^80 2-27 
216 2703-33 
179 213 2^71 



175 



0-92 
0-88 



1-66 1-88 
0-80 1-05 1-42 1-80 



200 2-65 
1-20 1-55 
1-60 1-90 
l^66 2-38 3-00 
8"05 4-65 
3-00 3 75 
310 
3-38 



3-40 41 2 
2-23 3-07 
2-45 3-35 



MO 
1-48 
0^85 
1-07 
2-36 
1-30 

2-36 3^00 
1-58 2-08 



172 
215 
1-40175 2-26 2-95 



2-23 2-88 
2-66 3-42 



1732-25 2-95 375 



2*98 3754-50 
170 2-20 2-82 



4-60 
3-85 
318 
3-20 



6-05 
3-48 



5-20 



1-80 216 



118 1-52 
1-95 2-30 



2-65 
2-10 
1-97 
2-95 
3-56 
3-22 
3-00 
2-90 
3-94 
3-36 



3-68 51 5 

4-00 4-82 

3-80 






•60 

•50 

•10 

•48 

1-28 

0-85 

1-06 

r60 

1-08 

0-37 

•22 r62 
0-94 l-SO 
2-35 2*95 
3-04 362 
2-60 315 
2-05 2-40 
2-67 3-20 
2-18 

2-00 2-60 
•267 3-05 

3-40 4-00 
2^65 3-37 
2-53 3 25 
3-69 472 
4-45 5-30 
470 
375 
377 
4-88 

4-n 



28. 24. 



•84 
76 
•18 
70 
178 
M8 
^46 
2^15 

rso 

0^61 

l^SO 210 
1-72 217 
3-50 4-25 
4-34 6-82 
370 4-35 
2-96 3-85 
3-93 475 
-•50 4-10 
3-20 
3-75 

5-20 
4-S5 
417 



25. 26. 



1'08 

1-05 

0^31 

0-98 

2-33 

1^60 

215 

2^63 3-10 

176 2-05 

078 0-98 

2-38 2-67 
2-90 3*50 
5-20 



27. 28. 



1-38 
1-38 
0^52 
1-38 
3-03 
I •88 2^17 
2*35 3-00 
3-65 4-25 



29. 80. 



176 
1-86 
074 
1-58 1*81 
3-48 3-88 
2-54 2-95 
3-35 3-90 
5-00 



81. 82. 



33. 84. 



85. 86. 



271 2 

2-46 2-m 3-36 



112 
2-11 246 



1-31 1-52 
2-56 279 



3-35 3-85 
4-20 



3*38 3-90 
3-91 4-5fii 
1-68 a^oo 
3-07 
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RATE OF ELONGATION. 

Those marked t were 

The Measurements were tak^ 

NOTB.— All the pieces were taken promiscwmOy from Engineers* or Merchants' 



361 
362 



364 
365 



367 



370 
371 
372 
373 
374 
975 



376 
377 
378 
379 
380 
381 



384 
385 



397 
398 
3U9 
400 
401 
402 
403 



404 
405 
406 
407 
408 
409 
410 
411 
412 



Namea of the 
Makers or Works. 



THiTlDI) BABS. 
RnssuK O O M>. 

„ „ O O KD. 
Swedish B F. 

« « BF. 

RnssiAK K>F8. 

„ „ OOKD. 
Swedish 9S 0. 

„ » R»- 
BF, 

„ „ »»W. 

„ „ 9 O. 

.. ., B«W. 

„ .. oe. 

»» It V»lf« 



Forged. 
TUted. 
Forged. 



Tilted. 
>t 
It 
ti 

Foiled, 
tt 

Tilted. 



HAMM1BB3DD, 

t Armonr-platef cat cross A Tamed. 
tt tt ti 

t Cranl^-fihaft B, cat'cross 
t tt t, length 

t „ „ length 

MISOlDIiIiAinBOXJS. 

Crank-shaft A, cat cross, & Tamed, 
tt tt Forged. 



CtoTAK Hammered-bar, Tamed. 8. 
tt tt 11 »• 

„ „ Sqaare. >8L 

11 tt tt ^• 

1 1 o QovAH. O Rolled-bar. 
t f All cat oflf one bar l^ In dlam., I S. 
1 1 and after reheating rolled down ( S. 
t J to li, 1, ^ \, to note the effects I S. 

of additional rolling, 
t BowLiKO, Forged, Cooled in Water, 
tt tt It Water, 

t. OiL 
BowLiifo, Rolled-bar, Square. 
Blochaibn Best, Ordinary state. S. 
„ „ Cold-rolled. S. 

„ „ Do. & annealed. 5. 

Glasgow Bi Best, Case-hardened. 
Bowling „ „ 

BoWLIKO „ „ 

STBXIi BABS. 

f TuBTONs* Cast-steel forChisela 

t JowiTT's „ „ Chisels. 

t JowiTT's „ „ Chisels, 

t Natloe <fe Co.'s „ „ Riveta 

t Moss &> Gahblk's „ „ Rivets, 

t Natloe & Co.'s „ „ Riveta 

t Bbsseu EE's Patent steel „ Toola 

t Bessbhge's ., „ Toola 

t Eeuit's Cast-steel „ Bolts. 



Index 

'and 
Table. 



r 277 
806 
276 
269 
271 
810 
272 
805 
265 
266 

n 804 

I 



mtimate 
Strength 
persq. 



sq. in. 



•7068 
^6903 
•6504 



•5674 
•5073 
•6600 
•5874 



•5674 
•4184 
•3019 
•3300 



802 -7854 

801 -7854 

799 -7854 

794 -8171 

783 -7854 

788 7854 



ri099 
1098 
1097 
1096 



•7864 
7854 
7854 
7854 



1120 07854 
1119 0-7854 
1118 1-0404 
1117 1-0000 



551113 
<slll4 
S1115 



0-8012 
0-4417 



* 1116 0-2124 



1045 
1047 
1048 
1111 
1090 
1081 
1088 
1059 
1062 
1 1061 



•6220 
•5812 
•5945 
•5700 
•5310 
•4536 
•4667 
•3848 
•3988 
•3526 



1 -2207 

14 -2642 

15 -2642 
60 -4417 



•4417 
•4417 
-4300 
•4417 
•6808 



66,447 
50,096 
65,516 
49,022 
46,869 
51,466 
55,190 
42,421 
47,664 
47,384 
43,509 
41,251 
44,230 
50,262 
48,998 



Ultimate 
Extension. 



84,614; 32-0 
36,646 32 -0 



O 

24-0 1-60 
3'i-8 1-96 
24-0 2*28 
28-0J7-20 
28-0 6-88 
320|2-40 
24-0 2-32 _ . 
26-8'4-08|15-2 
24-0|6-96 29-0 
24-0 8-12 33-8 
30-8 472 15-3 
32^0 472 14-8 
30-4 4-80 
30-4 5-68 
32-05-36 



36,646 
40,124 
44,561 
43,420 



48,375 
49,908 
50,906 
58,518 

64,133 

71,793 
60,737 
67,366 



57,379 
58,190 
59,708 

76,839 
71,538 
65,934 
58,453 
60,637 
78,466 
62,28.'> 
60,317 
64,637 
57,274 



145,383 
130,568 
121,840 
101,421 
102,309 
112,262 
113,588 
123,165 
94,838 



Ph 

6*6 
6^0 
9-5 
257 
24-6 
7_ 
97 



15-8 
187 
17-0 



1 

2-20 
3-00 
2-64 

4-56,17-6 
26-0 6-40 24-6 



26-0 



132-0 8-60 26-9 
130-8 6-20 20-1 
26-4 600 227 
26-4 4-88 18-5 



24-0 
24-0 
24-0 
j24-0 

'20-0 
,20-0 
20-0 
l'26-() 
22-0 
22-0 
22-0 
16-0 
160 
16-0 



6-80 28-3 
6-40 267 
6-04 25-2 
572 23-8 



4-00 
4-08 
3-60 
6-28 
5-00 
•92 
5-52 



20-0 

20-4 

18-0 

24-1 

'22-8 

87 

25-0 

2-04127 

1-44 9-0 

1-68 105 



10-4 0-56 
1000-67 
100072 
24-0 2-00 
27-2 3-40 
24-02-20 
27-21-60 
27-2! 1-66 
28-8|4-82 



6-4 

67| 
7-2 
8-3 

126 
9-2 
6-9 
61 1 

1671 



EXTENSION 



1. 2. 



^^ <D 



0-67 0-98 
1-35 2-22 
0-45 1-00 2-00 



•22 
•23 
•12 
•10 
^7 
•18 
•25 
•15 
•22 

1-48 2-33 

3-82 



•31 
•43 
•24 
•25 
•59 
•32 
•45 
•40 
•50 
378 



•10 
•33 
•45 
•15 
•08 
•12 



7. 8. 



•60 -sol 
■93 1-26; 
-64 0-86 
•60 0-851 
-96 1-18 
•85 1-25 
1-30 1-90 
I -10 1-60 
170 2-90 



•50 



•28t 
-3? 
-60 



•35 

■05 
-10 
-05 



-10 
1-87 2-C6 



_ I 

72 l-oi ' 
•37 0-52 
-00 o-oo; 

•80 l-OO' 



•45 -661 -95 1-60' 
76 ■95 1-35 I 
-90 1-30 I 



•15 
•17 
•13 



TABLE L, OBSERVED. 

Mleeted for Table M. 

with a quarter of an inch scale. 

Stores, except those marked &, which were receiyed fivm the Makers. 
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UNDEB PB00BIEB8ITB STBAIH8. 


i s 


§ s 


§ § 


i s 


§ i 


i § 


S g 


i i 


§ s 


§ 3 


3 i 


s g 


i i 


a ^ 


5 S 


g n 


s s 


sf s 


8 5 


5 5 


» 5 


sf s 


s :f 


S' 5 


S 8 


S. 8 


9. 10. 


11. 12. 


18. 14. 


16. 16. 


17. 18. 


19. 20. 


21. 22. 


28. 24. 


26. 26. 


27. 28. 


29. 80. 


81. 82. 


38. 84. 


•18 -22 


•28 38 


•52 -64 


74 -87 


1-07 1^24 


152 
















•08 -18 


•30 ^40 


•48 -m 


•83 -98 


M6 146 


1-73 
















•11 -15 


•21 ^27 


•38 -51 


•67 -85 


111 145 


















112 1-47 


1-92 2^62 


3^22 






















1-75 2-18 


300 4^18 
























1-07 1-36 


r64 2*26 
























115 1-S5 


2^17 
























1-56 2-06 


310 
























1-80 2-70 


410 
























2-75 385 


























2-36 


























0-90 


























118 


1-58 
























1-58 


2-05 
























©•50 


0-76 1-10 


150 2^05 






















0-68 


1-08 r40 


1-82 2-38 


310 




















0-90 


130 1-76 


228 315 


450 




















•50 


•95 


1-50 


1-80 2-18 


2-60 


















♦12 


•26 


•55 


•75 1^00 


1-20 1^60 


















•20 


•40 


•70 


•90 1-16 


145 175 


2-20 
















•14 


•28 


•65 


•70 0-90 


[•20 h50 


1-88 2^20 


2-60 3-32 


















•92 


1^40 


2^18 


245 3^20 


3^62 8^90 


448 6^60 


7^22 












,, 


•56 


0*68 


0-96 


r28 


1^68 


1^88 2^18 


263 2^83 


330 4-06 








,, 


,, 


•14 


0^34 


070 


0^90 


M4 


1-52 


^84 


2-40 


2^64 810 


350 4^10 


483 


.. 


.. 


•04 


0^12 


0^23 


0-38 


061 


070 


0-98 


r30 


170 


2^00 2^28 


258 2-93 


. 


.. 


•10 


0-20 


0^33 


0^48 


0^65 


0^85 


114 


150 


1^90 


2-35 


2^60 2^90 


•27 


•52 


•87 


r32 


2^00 


240 288 


372 4^84 














3-76 


•3*1 
•45 -60 


•08 ^18 

•42 •se 

•80 1^10 


•30 •SO 
•73 -96 

1-35 reo 


0-62 075 
1^26 1-60 
2-00 250 


1^001^20 
216 


150 r90 


2-35 












l^Sl r66 


2^21 2^83 


3-31 401 
















• 






0-82 1-20 


1-52 1-97 


2^60 3^82 






















OOOO^OO 


0-00 0^05 
























1-35 1^75 


2-35 3-86 
























•23 -30 


•37 -45 
























•20 -26 


•31 -38 


•45 52 


•60 




















•16 -20 


•25 -30 


•37 -50 


•60 




















•30 


•38 


•49 


•60 


©•85 


0-96 1^06 
















•44 


•55 


•70 


•90 


117 


130 160 


1-90 213 














•22 


•28 


•34 


•50 


•67 


74 ^84 


1-02 114 


1^34 












•08 


•18 


•30 


•46 


•69 


•66 72 


•81 ^95 


114 1-40 












•11 


•20 


•30 


•40 


•60 


•68 -66 


72 -80 


0^91 1^05 


118 130 


146 1-66 








•05 


•12 


•28 


•40 


•56 


•67 76 


•87 ^98 


112 129 


145 162 


1^88 2^10 


237 268 


8-03 340 383 4-451 
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RATE OF ELONGATION. 

ThoM maxkedt were 

Hie Heasaremenis were takes 

NoTB.— All the pieces were taken promiieuoiulif from Engineers' or Merchants* 



^ 




1 










BZTENSION 


^ 

v^ 


KaniM of ih« 


Index 

Ha 


Area 

or 


intimate 
Strength 


intimate 












Ifaken or Works. 


1 


Uld 

Table. 


Speci- 


persQ. 
inch. 


Eztenaion. 


3 a 


i I 


i § § i § 


!;. 




a 










^ s 


5 $ 


fS 8Sf 8 










84.in. 


lbs. 


1 


1 


i 


8. 4. 


6. i 


\. 7. & 9. 10. 














s 


J 


1 








413 


t TUBTOH&SOK Cast B. 


a 


f 906 


•536 


98,519 


22-4 


27612-3 








414 


TuxTON & Son Da 8. 


L. 


302 


•504 


95,144 


22-4 


1-68 7-5 






',', 


415 


t Mkbset Cot. "Hard" Puddled. S. 


L. 


356 


-490 


106,110 


22-4 


1-24 5-5 






V, 


416 


t Blochaibh Da 


L. 


377 


•624 


97,413 


30-4 


2-04 67 






■! 


417 


TCBTON A Son Cast S. 


G 


308 


•500 


92,788 


22-4 


1-32 5-9 






1! •! 


418 


Blochaibh Paddled. 


C. 


O 880 


•624 


71,792 


30-4 


1-64 5-4 






,'r .. ',', 


419 


t Shobtbidge & Co. Cast 


c. 


" 336 
1 342 


•380 


105,732 


22-4 


1-60 7-1 








420 


Shobtbibgb & Co. Paddled. S, 


L. 


•480 


81,662 


22-4 


1^92' 8-6 






•13 -22 


421 


f Moss&Gaublb Cast & 


L. 


-« S23 
H 328 


•476 


79,937 


22-4 


4-401197 






•10 -38 


422 


t Moss&Gamblk Da 8. 


C. 


•521 


71,796 


22-4 


440197 






•11 ^40 


423 


SHOBTBinoB&Ca Da 


L. 


333 


•378 


97,328 


22-4 


1-32 


6-9 






•10 -20 


424 


f Shobtbidgb&Co. Da 


L. 


332 


■360 


101,105 


22-4 


1-08 


4-8 






•16 ^30 


425 


t Blochairv Paddled. S. 


L. 


371 


•360 


93,327 


22-4 


1-12 


60 


,, 


•5 


12 -30 -39 -48 


426 


Blochaibh Do. & 


L. 


376 


•380 


82,079 


22-4 


0-66 


2-5 




i 


)2 -05 -09 -17 


427 


t Blochaibh Da S. 


a 


I 876 


•380 


81,047 


224 


0-48 


21 


.. 


i 


)6 -10 '16 -20 ^25 


428 


Shobtbidob & Co., Hardened in Oil 


L. 


ril63 


•880 


119,953 


22-4 


2-16 


9-6 






•18 


429 


Blochaibh, Da Do. S. 


C. 


^1165 


•380 


128,426 


22-4 


0^36 


1-6 








430 


MxBSET Cot. Da Da & 


L. 


•600 


116,812 


22-4 


1-92 


8-6 






i !! !! 




IRON FIiA.T3D8. 






















431 


f Fabhlbt. S. 
t Fabhlbt. S. 


L. 


r 438'1125 


62,544 


30-4 


5-00 


16-4 








432 


C. 


443 


1126 


56,546 


30-4 


3-60 


118 


,, 






433 


t CoNSETT Best Best 


L. 


447 


1-266 


51,718 


22-4 


216 


9^6 


,, 




*.'. 


434 


Bbadlbt & Co. 


L. 


471 


•996 


60,697 


22-4 


2-32 


10-4 


,, 






435 


t Bbadlbt 9 8 0. 


L. 


453 


•960 


58,534 


22-4 


3-52 


157 


,, 




>! •• 


436 


t Glasgow Best Best 


L. 


579 


•970 


54,410 


30-4 


2-88 


9-5 


^^ 






437 


t Glasgow Best Best 


L. 


585 


•988 


52,229 


30-4!3-20'l0^7 


^^ 






438 


Bbadlbt » SO. 


L. 


455 


■995 


53,889 


22-4 


2-32 


10-4 


.. 




V. 


439 


Fabhlbt. 


L. 


421 


•760 


59,443 


30-4 


412 


13-5 






.. - .. '10 


440 


t O GOVAH. o 
t O GOTAH. O 


L. 


.970 


•796 


56,822 


26-4 


3-64 


13-8 


,, 




•14 


441 


C. 


fl976 


•826 


52,303 


26-4 


1-80 


6-8 


,, 




■07 


442 


Bbadlbt Ij 7. 


L. 


0)461 


•772 


65,925 


22^4 


272 


12-1 


,, 




-12 


443 


Bbadlbt & Co. 


L. 


3 472 


■776 


66,131 


22-4 


3-00 


13*4 


^^ 




•28 


444 




C. 


§722 
^716 


•906 


46,789 


30-4 


1-44 


47 


^^ 




■00 


445 


t Llotds, Fostbb, & Co. 
Glasgow Best Boiler. 


L. 


•906 


45,026 


30-4 


1-04 


3-4 


,, 




-00 


446 


U 


506 


•750 


54,907 


22-4 


1-88 


8-4 


.. 




D2 


447 


t GovAH Best 


C. 


647 


•995 


39,761 


30-4 


0^96 


31 






•10 


448 


GoYAH Best 


L. 


543 


•995 


88,570 


30-4 


0-96 


3-1 


,, 




•10 


449 


BowLiHa 


L. 


415 


■750 


61,443 


22-4:3-12 


13-9 


,, 


•s 


t2 -34 '58 


450 


t LOWHOOB. 
t BOWLIHO. 


L. 


401 


■624 


57,881 


22-43-36 


15-0 


,. 


< 


)1 '18 -60 


451 


L. 


413 


-650 


51,991 


22-4276 


12-3 


,, 


•1 


-30 -65 


452 


E.B. M. 


L. 


491 


-624 


51,285 


22-4 


2-24 


10-0 


,, 


-c 


)3 •U •26-40 ^52 


453 


LOWMOOB. 


L. 


405 


•624 


47,426 


,22-4 


216 


9-6 


,, 


•14 •a 


6 ^40 -66 78 1-00 


454 


t GovAH Best 


U 


.544 


709 


88,398 


30-4 


072 


2-4 


.. 


-02 -c 


t8 '15 •22-34 0-45 


455 


Blochaibh B, Cold-rolled, annealed. 


G 


01139 


•460 


^S^ 


'30-4 


1-84 


6^1 


•10 


•40 0^8 


10 132 


456 


Da Da Da 


L. 


®I136 


•456 


50,960 


30-4 


2-44 


8-0 


•40 


•72 1-1 


2 1-64 2-20 


457 


Da Ordinary stata 


L. 


■§1137 


•690 


46,812 


30-4 


1-36 


4-5 


,. 




.. -11 -28 


458 


Da CoId-roUed. 
ANaUE-IBON, &o. 


L. 


glISS 


•476 


88,993 


30-4 


0-04 


0-1 


•• 




■00 


459 


t Fabhlbt. 


L. 


f 670 


•685 


62,888 


26-4 


5-44 


20-6 


■02 1O6 


•10 -1 


8 "SS '88-62 78 


460 


t Albioh Best 


h. 


652 


•932 


62,363 


30-4 


4-40 


14-5 








461 


Glasgow Best Best 


L. 


637 


•990 


67,932 


304 


2-28 


7-6 


^^ 




• *m\ 


462 


CONSETT. 


L. 


1. 619 


•946 


54,103 


30-4 


2'00 


6-0 






.. 


463 


t Glasgow Best Best 


h. 


^ 634 


•924 


54,967 


30-4 


5-84 


19-2 






.. 


464 


t Glasgow Best Best 


L. 


<D 638 
^ 660 


■986 


53,527 


30-4 


1-60 


5-3 






» 


465 


t Eagle. 

t Eagle Best Best 


L. 


1-001 


52,333 


30-4 


3-44 


11-3 








466 


L. 


5 658 
7 654 


1-025 


54,250 


30-4 


4-00 


13-1 






! !! 


467 


Albion Best 


L. 


1-053 


62,807 


30-43-52 


11-6 


^^ 






468 


DUHDTVAH. 


L. 


606 


1-086 


56,301 


30-4,2-68 


8-8 








469 


Glasgow Best Best 


L. 


601 


0-980 


60,455 


30-4476 


157 






! ! *' 


470 


Glasgow Best Scrap. 


L. 


628 


1-041 


56,860 


30-44-40 


14-5 


.. 








TABLE L, OBSERVED. 

Mleotod fSnr TaUe M. 

with a quarter-of-an-inch scale. 

Stores, except those marked S., which were receired from the Makers. 
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UKDSB PB0OBJEB8ZTS STBAINS. 




30,406 
82,002 


33,688 
35,184 


36,780 
88,886 


39,988 1 
41,578 


43,174 
44,770 


46,866 
47,862 


49,668 
61,154 


% ill 1 


69,184 
60,780 


62,826 
68,928 




11. 18. 


18. 14. 


16. 16. 


17. 18. 


19. 20. 


21. 22. 


28. 24. 


25. 26. 


27. 28. 


29. 80. 


81. 82. 


38. 84. 


85. 86. 


•19 


•30 


•42 


•60 


77 


•89 1^02 


1-20 142 


172 212 












•17 


•26 


•35 


•60 


•65 


77 0-92 


1^05 1-22 


1-40 1-60 












•08 


•14 


•22 


•35 


•52 


•60 0-69 


079 0-90 


1^00 1^25 












•04 


•09 


•16 


•24 


•30 -39 


•48 0-55 


0-66 077 


©•ooi-oe 












•25 


•40 


•62 


•70 


•79 "90 


•99 115 
















•31 


•44 


•53 -60 


•70 •82 


•95 115 


1-45 
















•37 ^46 


•52 -60 


•71 -83 


•99 119 




















•30 -38 


•48 -66 


•82 0^98 


i-20 1^65 




















•46 -00 


•75 ^90 


1-22 1-65 


212 




















•eo -80 


1-09 143 


1-85 2-42 


3-66 




















•36 '50 


•65 0^70 


0-90 M6 






















•40 -46 


•62 0-62 


072 0-80 






















•58 -70 


•90 1^06 
























•21 •33 


•50 
























•32 -40 


























•30 


•46 


•60 


•88 
•16 


110 
©•19 


1-38 1^86 
0-24 


0-31 














•• 


" 


•• 


•20 


0-36 


0-62 


071 


0^ 


1^21 


1^62 








•04 


•10 


•20 


•32 


■45 


•62 


0-92 


112 


148 


1^88 


212 2^38 


2^68 2-94 


3-20 375 


•04 


•10 


•22 


•37 


■55 


75 


l^OO 


130 


173 


215 


2-33 277 


310 




•08 


•11 


•15 


•20 


•26 


•42 


©•60 


0-69 


070 


079 0-87 


0-94 1-02 


111 




•08 


•14 


•22 


•33 


•57 


79 


1^00 


1^26 


1-40 1^66 


175 








•10 


•18 


•28 


•40 


•60 


•90 


1-22 


1-60 1-78 


21 2^32 


275 








•05 


•08 


•22 


•38 


•68 


•9-2 


112 142 


1-70 2^12 


272 










•06 


•20 


•43 


•72 


112 


TOO 


2-00 2-40 


2-82 












•10 


•26 


•42 


•66 


©•95 


110 1-30 


1-60 














•40 


•82 


1^22 


1-54 1-84 


216 2-44 


2-94 344 
















•32 


•54 


©•95 


117 1-47 


r82 2-27 


272 
















•16 


•26 


0-56 


0-71 0-90 


114 1-38 


















•40 


•75 


112 


1-40 1-70 


1-95 2-32 


















*50 


•78 


M5 


1-40 1-70 


200 2-30 


















-03 


•17 


0-37 


0-51 0^75 


0-97 1-20 


















•08 


•20 


0^40 


0-56 070 


0-92 


















•10 


•35 


0-60 0-70 


1-00 1-30 




















•20 


•32 


0^40 0-50 


0-62 0^70 




















•20 


035 


0-48 0-6010-74 




















■90 


1-08 1-22 


1-63 1-90 






















•70 0-95 


120 1-60 


210 2-50 






















•93 113 


1-45 200;2-55 






















•75 1-00 


1-35 1-72 
























1^33 1^73 


























•60 •TS 


110 
























-00 -00 


000 -00 


•00 •oo 


•01 -08 


•03 


















1-03 1^32 


1-68 2-20 


290 3-72 






















•21 


•46 


•73 


0^91 110 


1-33 1-63 


2^00 2^52 


3-08 370 














•00 


-01 


•08 


018 


0-80 


0-42 0-68 


0-68 0^82 














•00 


•09 


•18 


0-80 


0-62 


0-65 ©•82 


l-OB r38 


178 












•20 


•42 


•68 


1-00 


1-62 


1-92 230 


2*90 3-50 


4-25 












•00 


•01 


•08 


•20 


O'dS 


0^65 


078 0-92 


115 140 












•04 


•20 


•42 


•72 


MO 


1^60 


180 2-25 


2-60 3^00 












•06 


•35 


•62 


•92 


1-22 


1^60 


2^00 


220 2^35 


2^90 8-42 










•13 


•25 


•37 


•64 


•82 


113 


i^eo 


1-82 2^08 


243 270 










•09 


•14 


•20 


•27 


•35 


0^60 


0-88 


1-01 1-23 


140 1^61 


1-87 








•00 


•01 


■10 


-22 


•42 


0-ed 


l^Ol 


1^21 1-46 


170 2-02 


2-38 278 








•01 


•07 


•17 


•85 


•67 


©•89 


1'2& 


I'iB 1-W 


201 2-85 


2-82 3-40 
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RATE OF ELONGATION. 

Those mttked t ue linearly 
NoTB.— AU the pieces were taken promisewmtip from Engineers' or Merchants* 



4 
1 






'. ' 


4 


Index 
Na 
and 

Table 


ATM 

Of 

8p«l. 


Extension pee unit of i 


Nameiofihe 
If aken or Worlw. 


i 


1 


§ 


§ 


§ 


§ 




Q 


S 






S 


S 


S 


S 


a 


s 




^ 




1. 


2. 


s. 


4. 


6. 


6. 


7. 


& 


9. 


501 


t LOWKOOB. 


Forged. 


843 


f 119 


•5026 






•0012 


■0025 


•0040 


-0065 


602 


t Fabmlbt. 


Rolled. 


815 


129 


•7854 






-0046 


■0060 


•0090 


■0120 


503 


J BOWLINO. 
LOWMOOB. 


^j 


818 


122 


•7854 






■0060 


•0086 


D120 


■0160 


504 


^j 


820 


106 


•7854 






-0030 


■0050 


•0076 


■0112 


505 


t BBADLETffiSO 


^, 


835 


146 


•6220 






-0040 


■0062 


•0074 


-0100 


506 


t LowMOOB. (square.) 


Planed. 


837 


113 


•6084 






-0076 


•0U5 


•0165 


-0200 


607 


X BOWUHO. 


Turned. 


814 


127 


•7854 






•0068 


'0092 


■0128 


•0170 


508 


* GOVAK. * 


Rolled. 


311 


201 


•8498 






•0000 


•0002 


■0010 


■0020 


509 


GoTAH B. Best 


RoUed. 


822 


187 


7854 






•0015 


-0029 


•0055 


•0085 


510 


t DOMDYVAK. 


Turned. 


823 


749 


•7864 






•0009 


•0016 


•0028 


•0046 


511 


O CtoTAH. O 


Rolled. 


816 


721 


0-8171 






-0017 


•0030 


•0050 


•0075 


512 


t LowxooB. (square.) 




305 


103 


1-0403 






•0025 


^0055 


•0098 


•0145 


513 


Bbadlbt B. B. Scrap. S. 


^, 


821 


138 


07854 






•0020 


■0046 


•0089 


■0118 


514 


t RcBSiAN XO F 8 


Tilted. 


862 


806 


0-6908 






■0008 


•0014 


-0025 


■0045 


515 


% CoATBBmaB Best Biyet 


Rolled. 


852 


238 


0-4417 






•0010 


■0020 


•0038 


•0070 


516 


X DnUDTVAN. 


,^ 


803 


745 


1-2271 






•0006 


■0011 


•0018 


-0035 


517 


X Bbadlbt B. R Scrap. & 


^^ 


825 


140 


0-7854 






O004 


•0028 


•0062 


DUO 


518 


X Ulvbbstom Best Riret 


,« 


854 


253 


0-4417 






-0028 


•0045 


-0065 


•0094 


519 






338 


rA ^ 


07500 






•0008 


•0018 


•0046 


-0090 


520 


X THOBHBTCBOrC T N 8 


n 


346 


2 152 


0-5153 






•0038 


-0070 


-0111 


-0155 


521 


GrOYAM Ex. B. Best 


Rolled. 


807 


s 168 


1-0887 






•0029 


■0059 


•0092 


-0136 


522 


X O GOVAH. O 


Turned. 


829 


H 714 


07864 






•0068 


•0092 


•0136 


•0188 


523 


O CtoVAH. O 


Forged. 


828 


718 


07698 






•0068 


•0095 


•0130 


•0180 


524 


O GOTAV. O 


Rolled. 


801 


711 


1-2271 






■0078 


■0116 


•0160 


•0210 


525 


{ Russian ^D 


Forged. 


861 


277 


0-7088 






•0044 


•0066 


•0070 


•0090 


526 


X Baqnall « J B 


Turned. 


380 


706 


07864 






-0020 


■0050 


-0092 


•0140 


627 


X Bbadlbt (P S. 


Rolled. 


826 


136 


07854 






-0036 


•0070 


•0128 


•6190 


528 


Glasgow a Best 


Turned. 


824 


734 


0-8171 






•0025 


•0068 


•0118 


-0172 


529 


Glasgow B. Best 


RoUed. 


802 


730 


1-2271 






•0060 


•0080 


•0120 


•0165 


630 


X Bbadlbt ® 8 


Rolled. 


858 


143 


0-4417 






•0062 


•0094 


■0130 


•0170 


531 


X Baonall » J B 


Rolled. 


804 


703 


1-2271 






•0035 


O080 


■0111 


•0165 


532 


# GOVAN. * 


,j 


809 


200 


1-0387 






-0056 


•0080 


•0109 


•OLW 


533 


X SWBDISH 00 


Forged. 


874 


807 


0-3019 






•0200 


■0262 


-0310 


•0380 


534 


X SWBDISH B F 


IT 


364 


269 


0-6808 


•0118 


•0155 


-0200 


•0260 


■0338 


•0485 


535 


X Ulvbbstob Best Rivet 


RoUed. 


868 


257 


0-4417 


•0049 


•0083 


-0182 


•0193 


•0270 


•0360 


536 


X Crank-shaft B, cat oat lengthway. 


Turned. 


880 


783 


07854 


•0065 


■0105 


•0170 


•0260 


•0350 


•0480 


537 


X Crank-shaft B, „ lengthway. 


f« 


381 


788 


07854 


•0086 


•0150 


■0230 


•0320 


•0450 


•0610 


538 


X Crank-shaft B, „ crossway. 


♦» 


379 


794 


0-8171 


•0049 


•0078 


-0125 


•0185 


•0278 


•0385 


539 


t Armour-plate, „ crossway. 


ft 


378 


799 


0-7854 


•0192 


-0260 


-0840 


•0460 


•0600 


•0825 


540 


X Armour-plate, „ crossway. 




376 


802 


07854 


•0083 


-0180 


■0190 


•0270 


-0392 




541 


X Chrank-shaft A, cat-cross and forged. 


386 


1-1096 


07864 


•0010 


■0020 


■0085 


■0055 


•0080 


•0100 


642 


t 


O GrOYAV. o 1 

All cut oir ons har.l J in. diameter, rolled « . 
down after reheating to li, 1, f, i in., ^ 
to note the effects of additional rolling. 1 


890 


1113 


1^2668 


-005C 


■0092 


•0140 


•0188 


•0288 


•0300 


543 




891 


1114 


0-8012 


•OO30 


•0068 


•0090 


•0125 


-0168 


•0220 


544 




392 


1115 


0-4417 




.. •• 


.... 


., ,, 


D160 


•0225 


546 


JJ 


893 


01116, 


0-2124 




.. •. 


.. .. 


.. .. 


.. .. 




546 


GrOTAM Hammered-bar, (square.) « ( 
t .. .. „ (turned.) 1 


888 


§1118 


1-0404 




-0030 


•0060 


•0090 


•0136 


•0185 


547 


386 


«1120 


07854 




-0055 


-0078 


•0100 


-0135. 


•0170 


648 


X Do. Da Da (square.) » f 
X „ „ « (turned.) *1 


389 


71117 


l-OOOO 




•0010 


•0014 


•0020 


•0032 


■0048 


649 


387 


1119 


07864 




•0035 


•0050 


•0070 


-0085 


■0100 


650 


t BowLiNQ, forged and cooled in water. 


894 


11045 


0^6220 





.... 


.... 


.... 


.... 


.... 



TABLE M, REDUCED. 

■hewn in Siagram-PUte ZIL 

StonM^ except those marked S^ which were received from the Ifakem 
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THE LENGTH. — STRAIN IN LBS. PES SQUARE INCH OF (ORIGINAL) AREA. 




§ 


§ 


§ 


§ 


§ 


§ 


§ 


§ 


§ 


§ 


§ 


§ 


§ 


§ 


§ 


BNaking 




s 


S 


s 


# 


S 


5 


s 


s 


If 


s 


s 


s 


§ 


s 


s 


Extea 


Btnln. 


10. 


11. 


13. 


IS. 


14. 


16. 


16. 


17. 


18. 


19. 


20. 


31. 


33. 


38. 


3i. 


35. 


36. 




•0095 


•0128 


•0168 


•0218 


■0275 


•0352 


•0436 


•0630 


•0630 


•0763 


^916 


•1096 


•1312 


•1605 




•2236 


65,622 




•0155 


•0210 


•0265 


•0338 


•0412 


■0618 


•0630 


•0750 


•0900 


•1050 


•1245 


•1490 


•I860 


•2600 




•2647 


64,133 




•0200 


•0245 


•0300 


•0356 


•0410 


■0476 


•0644 


•0630 


•0740 


•0890 


•1070 


•1315 


•1675 






•2500 


63,634 




•0150 


•0190 


•0260 


•0310 


•0400 


O500 


•0600 


•0706 


•0840 


•1000 


•1185 


•1420 


•I960 






•2583 


62,635 




•0140 


•0200 


■0270 


•0356 


^50 


■0560 


•0690 


•0840 


•1018 


•1214 


•1440 


•1720 


•2230 






•2534 


62,844 




•0250 


■0308 


•0368 


•0432 


■0520 


•0606 


•0695 


•0810 


•0960 


•1138 


•1332 


•1565 








•2253 


61,805 




■0220 


•0280 


•0340 


•0420 


•0515 


•0626 


■0740 


•0875 


•1020 


•1160 


•1400 


•1860 








•2836 


60,817 




•0040 


•0075 


•0116 


•0168 


•0235 


■0810 


•0406 


■0522 


•0650 


•0780 


•0915 


•1075 








•1130 


60,722 




■0105 


•0160 


•0211 


•0290 


•0390 


•0496 


•0611 


•0758 


•0930 


•1176 


•1490 


•2120 








•2462 


60,069 




^0062 


■0095 


•0140 


•0190 


■0260 


•0346 


•0460 


•0695 


■0760 


•0970 


•1230 


•1750 








•1818 


60,069 




•0114 


•0160 


•0230 


•0300 


•0388 


•0500 


•0630 


•0775 


■0935 


•1140 


•1480 










•2717 


59,726 




■0208 


•0281 


•0366 


•0462 


•0574 


•0697 


•0826 


•0986 


•1160 


•1355 


•1636 










•2362 


59,890 




•0160 


•0215 


•0280 


•0358 


•0455 


•0675 


•0710 


•0866 


•1038 


•1252 


•1580 










•2710 


59,570 




■0068 


•0095 


•0122 


■0152 


•0190 


•0232 


•0280 


■0835 


■0400 


•0465 


•0538 










■0598 


59,096 




■0120 


•0184 


•0260 


•0360 


•0460 


•0564 


•0696 


•0850 


•1020 


•1230 


•1434 










•1720 


69,013 




•0055 


•O080 


•0116 


•0165 


•0228 


•0304 


■0395 


•0500 


•0610 


■0736 


■0912 






• 




•1000 


68,640 




•0160 


•0228 


•0310 


•0^08 


•a540 


•0690 


•0860 


•1055 


•1310 


•1620 


•2110 










•2500 


68,571 




•0125 


•0170 


•0222 


•0295 


•0386 


•0490 


•0630 


•0780 


■0990 


•1315 


•2060 










•2060 


58,000 




•0142 


•0218 


•0300 


•0386 


■0480 


•0600 


•0765 


•0950 


•1215 


•1570 












•2329 


57,520 




•0205 


■0255 


•0322 


•0108 


•OolO 


■0638 


•0786 


•0965 


•1210 


•1580 












•2081 


67,431 




•0188 


•0250 


•0340 


•0435 


•0552 


•0675 


^26 


•0996 


•118.5 


•1550 












"2229 


57,362 




•0265 


•0350 


•0450 


•0570 


■0700 


■0850 


•1015 


•1205 


•1470 


•1920 












•2600 


57,003 




•0220 


•0265 


•0320 


•0390 


•0480 


•0670 


•0708 


•0876 


•1106 


•1500 












•2423 


57,141 




•0266 


■0325 


•0390 


•0478 


■0580 


i)700 


•0840 


•1020 


•1285 


•1750 












•8472 


56,701 




•0118-0150 


•0188 


•0225 


•0272 


■0320 


•0375 


•0440 


•0520 


•0620 












•0650 


56,447 




•0195 -0260 


•0340 


•0420 


•0540 


■0670 


•0830 


•1000 


•1260 


•1840 












•1840 


56,005 




•0262 


•0350 


•0462 


•0665 


•0685 


•0632 


•0998 


•1208 


•1560 


•2900 












•2900 


56,004 




•0240 


•0300 


•0378 


•0460 


•0570 


•0720 


•0890 


•1112 


•1430 














•2133 


56,761 




•0220 


•0280 


•0360 


•0455 


■0570 


•0716 


•0890 


•1116 


•1416 














•1720 


55,697 




•0220 


•0281 


•0350 


•0450 


•0580 


•0740 


•0922 


•1170 


•1550 














•2088 


55,463 




•0205 


•0275 


•0368 


•0450 


•0560 


•0673 


•0795 


•0932 


•1078 














•U20 


54,731 




•0205 


•0250 


■0335 


•0418 


•0518 


•0625 


•0755 


•0890 
















•0914 


52,348 




•0460 


•0640 


•0663 


•0800 


•1000 


•1250 


•1670 


















•1868 


50,262 




•0556 


■0708 


•0898 


•1142 


•1480 


•1940 




















•2570 


49,022 




•0465 


•0604 


•0766 


•0054 


•1210 


•1660 




















•2388 


48,870 




•0640 


■0820 


•1070 


•1480 
























•1754 


44,561 




•0808 


•1070 


•1600 


























•2461 


43,420 




•0540 


•0760 




























•0825 
•0938 
•0475 


40,124 
36,646 
34,614 




•0190 


■0180 


•0245 


■0320 


■0420 


•0630 


•0646 


•0770 


•0925 


•1125 












•1662 


58,618 




•0370 


•0460, 


•0572 


•0696 


•0840 


•0998 


•1170 


•1386 


•1670 


•2200 












•2833 


66,869 




•0280 


•0356 


•0448 


•0662 


•0680 


•0820 


•0995 


•1200 


•1560 


•2065 












•2666 


57,379 




■0288 


•0375 


•0475 


■0682 


•0715 


•0858 


•1080 


•1260 


•1500 


•1850 


•2400 










•2517 


68,190 




.... 


■0225 


•0362 


•0448 


■0543 


•0665 


•0780 


if25 


•1106 


•1365 


•1750 










•2375 


59,708 




•0240 


•0300 


•0372 


•0465 


•0550 


•0638 


•0760 


•0910 


•1092 


•1218 


•1605 


•1880 








•2273 


60,737 




•0220 


•0270 -0338 


■0410 


•0490 


•0580 


•0680 


•0800 


•0940 


•1110 


•1320 


•1565 


•1930 


•2550 




•2688 


64,133 




•0070 


•0103 •0142 


•0180 


•0225 


•0278 


•0336 


•0406 


•0480 


•0576 


•0680 


•0820 


•0980 


•1150 


•1426 


•1848 


67,366 




•0128 


•0160 , •0185 


■0^218 


■0255 


•0292 j H)340 1 


•0390 


■0450 


•0515 


•0590 


•0675 


•0765 


•0868 


•0985 


-2013 


71,798 




.... -0000 ooool 

' 1 


■0010 ^0024 0040 ^•0070 


•0110 


•0160 


•0205 


•0260 


•0326 


•0405 


■0488 


•0580 


•2000 


76,839 
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RATE OF ELONGATION. 

ThoM maikad t an UiiMrly thowB 

Nora.— All fhe pieces were taken promitaiouaif from Engineers* or Merchants* 



<i 








A 






Extension per unit op 


I 




Hsmesoftha 
Makers or Works. 




H 


Index 
Na 
mod 


Am 

of 

Spwsi- 




1 


1 


§ 

8 


1 


§ 


§ 










1. 


a. 


8. 


4. 


6. 


e. 


7. 


& 


e. 


551 


t 






404 


1 

14 


•2307 




.... 


.... 


.... 


.... 


.... 


552 


t 


JowiTT'8 „ Chisels. 




405 


•2642 


.... 


.... 


.... 


.... 


•0035 


■0058 


553 


t 


Bb8SB]ckr*8 Patent Steel for Toola 


& 


411 


«i 27 


•4417 




.... 


.... 


H)065 


•0075 


■0100 


554 


t 


JowiTT*8 CasUsteel for Chisels. 




406 


Ba ii» 


•2642 


.... 


.... 


.... 


-0080 


•0062 


-0100 


555 


X 


BEssBicaK's Patent Steel for Toola 


S 


410 


a » 


•4300 


.... 




•0028 


•0040 


■0061 


•0082 


556 


X 


Natlob a Ca*8 Cast-steel for RiTeta 




400 


9 47 


•4417 


.... 


.... 


■0070 


•0091 


■0115 


•0141 


557 


X 


Moss & Gambles* „ BlTeta 


& 


406 


E4 45 


•4417 


-0112 


■0185 


•0160 


■0188 


■0311 


•0242 


558 


X 


Natlob &Co.'8 „ BlTeta 




407 


50 
. 52 


•4417 


•0078 


•0100 


•0120 


•0140 


•0161 


■0182 


559 


X 


Kbufp'0 ,, Bolta 




412 


•6808 


-0125 


■0170 


^18 


•0278 


•0848 


•0431 




























660 


t 


Shobtbidob & Ca, Hardened in OIL 


L. 


428 


1168 


•380 


• •.. 


.... 


■0035 


•0065 


•0078 


•0100 


561 


X 


MbbsbtACo., "Hard" Puddled. 


&L. 


415 


'356 


•490 


.... 


.... 


•0033 


■0046 


■0060 


•0083 


562 


X 


Shobtbidob d( Ca, . Cast 


a 


419 


386 


•380 


.... 


.... 


■0080 


«100 


■0138 


-0158 


563 


X 


Shobtbidgb a Co., Cast 


L. 


434 


833 


•360 


.... 


.... 


-0048 


-0066 


•0088 


•0112 


564 


X 


TuBTON & Son, Cast 


S,C. 


413 


O306 


•536 


.... 


.... 


•0120 


-0152 


•0189 


-0232 


565 


X 




L, 


416 


§877 


■624 


.... 


.... 


■0066 


O088 


■0123 


-0170 


566 


X 


Shobtbidob A Ca, Cast 


L. 


423 


S833 


■378 


.... 


.... 


■0048 


-0070 


•0095 


-0130 


567 




Blochaibb, Pnddled. 


8.L. 


425 


2371 


■360 


•0038 


■0060 


■0092 


-0130 


•0161 


-0202 


568 




Bloohaibm, Paddled. 


8. a 


427 


^3T6 


■380 


-0024 


•WHO 


■0060 


-0082 


•0110 


•0135 


569 


X 


Moss A Gahblbs, Cast. 


S.L. 


421 


323 


•476 


•OHO 


•0162 


■0222 


■0295 


•0890 


•0647 


570 


X 


Moss A Qaxblbs, Cast 


&a 


432 


l338 


•521 


10202 


•0318 


■0480 


■0688 


•0960 


•1400 
















§ 


i 


g 


§ 


§ 


§ 


571 


X 


ZBON FIiATna 
Fabblbt 


&L. 


481 


[438 


1*125 


s 


s 


8 


sf 


3f 


8g 


-0018 


-€030 


•0060 


■0070 


■0096 


^128 


572 


X 


Bbadlbt S B 


L. 


435 


453 


0*960 


-oou 


■OOSi 


•0045 


•0068 


•0090 


•0116 


573 


X 


LOWXOOB. 


L. 


450 


401 


0-624 


.. .. 


.. .« 


•0000 


■0018 


1)042 


-0081 


574 


X 


Fabmlbt. 


a. a 


432 


443 


1125 


•0018 


■0031 


•0068 


•0089 


■0120 


•0160 


575 


X 


O GOTAB O 


L. 


440 


.970 


0-796 


•0006 


•0017 


•0032 


■0056 


•0084 


-0120 


576 


X 


Glasgow Best Best 


L, 


436 


«579 


0-970 


.... 


.... 


-0018 


•0088 


•0060 


•0071 


577 




O GOVAH o 


a 


441 


3^5 

2 585 

5413 

447 


0-826 


.... 


.... 


•0020 


■0036 


•0054 


•0078 


578 


X 


Glasgow Best Best 


L. 


487 


0-988 


O006 


•0018 


•0039 


•0069 


•0108 


•0152 


579 


X 


BowLnrow 


L, 


451 


0-650 


•0009 


•0026 


•0051 


•0088 


•0129 


•0177 


580 


X 


CoHssTT Best Best 


L. 


433 


I-256 


•0048 


•0063 


«085 


■0110 


•0138 


-0168 


581 




Llotds, Fosibb, a Ca 


c. 


444 


722 


0-906 


..•• 


.. .. 


-oow 


■0017 


•0035 


•0065 


582 




Llotds, Fobteb, a Co. 


L. 


445 


716 


0-906 


.... 


.... 


■0018 


■0031 


■0052 


■0082 


583 




GoTABBest 


a 


447 


547 


0-995 


■0038 


■0068 


■0060 


■0108 


■0138 


-0180 


584 




GoYAir Best 
AKaiiS-IBON. 


L. 


454 


1544 


0-709 


•0019 


•0085 


■0056 


•0080 


•0110 


•0152 


585 




Fabhlbt. 




4fiO 


.670 


0-585 


•0011 


•0028 


-0042 


•0060 


•0060 


•0108 


586 




Glasgow Best Best 




463 


^634 


0-924 


•0005 


•0022 


-0050 


•0090 


•0130 


•0170 


587 




Eaglb Best Best 




466 


§658 
ffi638 

660 


1-025 


•0000 


•0080 


•0080 


•0182 


•0190 


-0250 


588 




Glasgow Best Best 




464 


0-986 


■0000 


•0000 


•0000 


•0000 


•0011 


-0029 


589 




Albion Best 




460 


0-932 


•0008 


•0028 


•0058 


•0090 


•0183 


•0186 


590 




Eagle. 




465 


1-001 


•0006 


•0017 


■0035 


•omo 


■0110 


•0156 



TABLE M, REDUCED. 

tB BJagmn-natM ZL-Zm. 

Stores, except those marked &, which were reeelTed from the Maketa 
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THB UCNGTH. — StBAQT DT LBS. FEB 8QUABB DTCH OF (OBIGINAL.) ABKA. 


§ 


§ 


1 


§ 


§ 


§ 


§ 


§ 


§ 


§ 


§ 


§ 


§ 


§ 


§ 


BieaUnfir 


!f 


ff 


sf 


^ 


s 


t 


sf 


1 


i 


s- 


1^ 


^ 


s 


§ 


i" 


BxtML 


Btrftln. 


10. 


11. 


13. 


la 


14. 


16. 


16. 


17. 


18. 


19. 


90. 


21. 


82. 


28. 


24. 


26. 


26. 


•0000 


•0011 


•0027 


•0049 


•0070 


•0098 


■0128 


•0151 


■0185 


■0220 


•0260 


•0300 


•0840 


•0381 


■0431 


•0538 


146,383 


•0066 


•0118 


•0160 


•0180 


D210 


•0240 


•0270 


•0308 


•0345 


•0388 


•0432 


•0481 


•0532 


•0596 


•0652 


•0670 


130,568 


•0120 


•0142 


•om 


•0190 


•0215 


•0240 


•0271 


■0308 


•0350 


•0400 


•0452 


•0517 


•0580 






•oeio 


123,165 


•0138 


■0176 


•0212 


•0251 


•0290 


■0880 


■0876 


•0425 


•0476 


•0542 


•0695 


■0660 








«730 


121,340 


•0110 


•0188 


•0160 


m86 


•0210 


•0236 


•0270 


•0316 


0382 


■0478 












•0588 


118,588 


•0168 


•0197 


•0228 


•0260 


■0300 


■0350 


•0410 


■0494 


•0600 


•0772 












■0017 


112,262 


•0276 


•0315 


•0360 


•0420 


■0481 


•0570 


•0780 


•1115 
















•1260 


102,800 


•0210 


•0240 


•02S6 


•0330 


•0390 


■0470 


•0605 


















•0838 


101,421 


•0536 


•0660 


•0820 


•1009 


•1230 


•1660 




















•1678 


94,838 


•0122 


•0162 


•0180 


■0210 


•0240 


•0278 


•0320 


10378 


•0428 


•0506 


•0626 


•0820 








•0964 


119,953 


•0116 


•0152 


•0200 


■0245 


•0293 


•0340 


•0400 


•0462 


•0540 














•0654 


106,110 


•0190 


•0220 


•0258 


•0290 


■0330 


•0389 


•0460 


■0564 
















•0714 


105,732 


•0140 


•0176 


•0211 


•0252 


■0298 


•0345 


•0410 


















•0482 


101,105 


•0283 


•0350 


•0426 


■0521 


•0665 


•0855 


•1163 


















•1282 


96,519 


•0220 


•0278 


•0334 


•O40O 


•0488 


•0578 




















•0671 


97,413 


•0170 


•0218 


•0280 


■0350 


•0435 


•0685 




















•0643 


97,328 


•0243 


•0292 


•0348 


■0408 


•0480 






















•0550 


93,327 


•0160 


•0192 




























•0214 


81,047 


•0768 


•1160 




























•1964 
•1964 


79,937 
71.797 


§ 


§ 


§ 


§ 


§ 


§ 


i 


§ 


§ 


§ 


§ 


§ 


§ 


§ 


§ 






s 


5 


9 


« 


5 


5 


s 


s 


^ 


ti 


s 


8 


n 


€ 


s 


•1645 


62,544 


•0160 


•0206 


•0260 


•0822 


■0396 


■0477 


•0670 


•0675 


•0800 


•0920 


•1060 


•1242 


•woo 






•0146 


•0180 


•0228 


•0290 


•0870 


■0458 


•0674 


■0710 


■0655 


•1055 


•1870 










•1571 


58,534 


•0130 


•0190 


•0258 


•0330 


■0417 


•0610 


•0630 


■0760 


•0922 


•1185 












•1600 


57,881 


•0205 


•0265 


•0316 


•0381 


■0460 


•0550 


•0655 


•0778 


•0920 


•uio 












•1184 


56,646 


•0160 


•0209 


•0270 


•0348 


•0441 


•0650 


•0676 


•0822 


•1040 














•1879 


56,822 


•0100 


•0187 


■0181 


•0240 


•0810 


•0391 


■0600 


•0646 


■0876 














■0947 


64,410 


■om 


•0142 


•0192 


•0262 


•0830 


■0416 


■0515 


•0655 
















•0682 


52,808 


•0210 


•0279 


•0870 


■0478 


•0606 


•0745 


•0892 


•1060 
















•1073 


52,229 


•0238 


•0309 


•0397 


•0500 


•oen 


■0744 


•0923 


















•1232 


51,991 


•0202 


•0240 


•0288 


•0335 


•0390 


■0460 


•0520 


















•0690 


51,718 


•0100 


•015! 


■0218 


•0302 


■0420 






















•0474 


46,789 


•0120 


•0170 


-om 


•0302 
























•0342 


45,026 


•0280 






























■0310 


89,761 


•0220 






























•0287 


88,898 


•0142 


•0188 


•0288 


•0298 


•0370 


•0448 


■0543 


■0656 


■0800 


•0956 


•1188 


•1370 


•1760 






•2061 


62,888 


•0228 


•0286 


•0362 


■0468 


•0582 


•0740 


•0930 


•1170 


•1544 














•1921 


64,967 


•0818 


•0888 


•0465 


•0531 


•0630 


•0722 


■0840 


•1006 


•1280 














•1815 


54,250 


■0060 


•0080 


•0121 


•0170 


•0230 


•0300 


•0378 


■0456 
















<W26 


53,527 


•0248 


•0820 


•0410 


•0516 


•0660 


•0830 


•1042 


•1362 
















•1456 


52,868 


0214 


■0280 


•0875 


•0480 


•0606 


•0740 


•0900 


•1090 
















•1131 


52,833 
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EFFECTS OF DIFFERENCE IN THE 

Bepmentfttloiui of tlw 
Note.— All the pieces were taken promitcuowHy from Engineers* or Merchants* 











OBIOINAL, 


Index 
Ha 


HamM of the Maken or Works. 


Bow Treated. 




















Diamt. 


Area. 




BTIUBIi BABB. 






1. 

Inch. 


2. 

sq. in. 


1001 


JowiTT*s Cast-steel for Chisels. 




r 


57 


•2553 


1002 


i« ti n 


1. 1, . Water. 


i 


•62 


•3019 


1003 


»i »» «» 


11 It tt 'f^Iow temper, n 


•66 


•2462 


1004 


»» »» « 


^^ 11 11 Spring „ 


\ 


-62 


•8019 


1005 
1006 




;; " AsilSriowly. 


•68 


•2642 
•2827 


1007 


Da Da Da 


Medinmheat Da Da OIL 


i 


•67 


•2652 


1008 


*• ti 11 


Tallow. 


•69 


•2734 


1009 


»* ft ft 


Coal Tar. 


•62 


•3019 


1010 


»» »t »» 


Slowly. 


t 


•62 


•3019 


1011 


Da Da Da 


Low heat Da Da OIL 


i 


•67 


•2662 


1012 


*• tt ft 


,t ,, Tallow. 


•60 


•2827 


1013 


ti tt tt 


It „ Coal Tar. 


•69 


•2734 


1014 


11 tt tt 


It tt Slowly. 


H 


•60 


•2827 


1015 


Da Da Do. 


High heat Da Da OIL 


i 


•60 


•2827 


1016 


tt tt tt 


Low „ „ OiL 


•69 


•2734 


1017 




Low „ „ Tallow. 


•59 


•2734 


1018 


t"t !! \\ 


High „ „ Slowly. 


t 


•62 


•3019 


1019 


Bbsssms&'s Patent Steel for Tools. 8. 


Heated and cooled in OIL 


. 


•63 


•3116 


1020 


It tt tt 


Slowly. 


•75 


•4417 


1021 


Da Da Da & 


Da Da Oil. 


■ 


•64 


•3216 


1022 


tt tt tt 


Slowly. 


•66 


•3318 


1023 


Da Da Da 8. 


Da Da OiL 




•65 


•3318 


1024 


t, 


11 „ Slowly. 


74 


•4300 


1025 


Natlob & Co.'s Cast-steel for Rivets. 


Heated and cooled in OiL 




•60 




1026 


ti 11 It 


11 „ Slowly. 


•76 


•4417 


1027 


Do. Da Da 


Da Da OU. 




•62 


•3019 


1028 


tt 11 ti 


•1 II Slowly. 


•75 


•4417 


1029 


Moss A Ca*s Casl^steel for Rivets. 8. 


Heated and cooled In OiL 




•62 


•3019 


1030 


tt tt tt 


11 11 Slowly. 


75 


•4417 


1031 


Da Da Da 8. 


Da Da OiL 




•62 


•3019 


1032 


It tt tt 


11 It Slowly. 


75 


•4417 


1033 


Da Da "Do, 8. 


Da Da OIL 




•64 


•3216 


1034 


It tt tt 


It Slowly. 


75 


•4417 


1035 


Da Do. Da 8. 


Da Do. Water. 




•63 


•3116 


1036 


11 It 11 


Slowly 


76 


•4417 


1037 


SHOBTRmcB A Ca's Horn. Metal. 


Highly heated and cooled in oa 


i 


•60 


•2827 


1038 


tt It It 


Mediom „ „ OIL 


•60 


•2827 


1039 


It tt 1* 


Low „ „ OIL 


•60 


•2827 


1040 


It It 11 


Low „ „ oa 


•61 


•2922 


1041 


It 11 11 


High „ „ Slowly. 


% 


•62 


.3019 


1042 


It t» II 


High „ „ Water. 


t 


.62 


JM)19 


1043 


Mbbsbt Ca*B Rivet SteeL 


Heated and cooled Slowly. 


I 


•43 


•1452 


1044 


11 11 11 
ZBON BAB8. 


f. *, Slowly. 




•37 


•1078 


1046 


BOWUNO. 


Highly heated and cooled in Water. 


r 
t 


•89 


•6220 


1046 


11 


Water. 


•87 


•6946 


1047 


It 


It „ Water. 


•86 


•5812 


1048 




oa 


t 


•87 


•5945 


1049 


11 


11 II OiL 


^ 


72 


•4071 


j 1050 




Tar. 


I 


70 


•3848 
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Weight 
<m 

Steel- 
Yard. 


Breaking 

Weight 

per Square 

lAch. 


FBACTUBED, 1 


DUrerenee between 


BLONGATION. 


PBAOTUBB. 


IHamt. 


Area. ' 


OrighMl d; Fraetured 
Arena. 




Granular. 


Kind. 












par 


In column 10. 






8. 


4. 


5. 


6. ' 


7. 


8. 


9. 


10. 


11. 


12. 


18. 


lbs. 


lbs. 


inch. 


sq. in. 


sq. ia 


^cent 


inch. 


inches. 


iPcent 


iPcent 




1676 


215,400 


•66 


•2462 


•0090 


3-6 


•10 


30 


8 3 


100 


A 


647 


90,049 


■62 


•3019 


•0000 


00 


•00 




OO 


100 


A 


564 


100,983 


•56 


•2462 


•0000 


00 


•00 


^j 


00 


100 


A 


807 


104,888 


•62 


•3019 


■0000 


0-0 


•02 


,j 


07 


100 


A 


734 


112,119 


•58 


•2643 


■0000 


0-0 


■02 




07 


100 


A 


906 


121,716 


•66 


•2462 


■0866 


12-9 


•21 


i! 


70 


100 


AB 


1962 


184,977 


•56» 


•2462 


■0090 


8-6 


•08 


8^0 


27 


100 


C 


1419 


178,500 


•58 


•2642 


•0092 


3-4 


■08 




27 


100 


A 


1477 


167,028 


•60 


•2827 


•0192 


64 


•18 




60 


100 


A 


961 


119,172 


•59 


•2784 


■0286 


9-4 


•23 


\] 


77 


100 


AB 


1163 


163,142 


•55« 


•2876 


■0176 


€•8 


•16 


8-0 


6-0 


100 


C 


1133 


144,301 


•68* 


•2642 


■0186 


6-6 


'21 


^^ 


70 


100 


C 


1062 


141,940 


•55 


•2376 


•0858 


181 


•26 


jj 


87 


100 


AB 


948 


126,978 


•65 


•2376 


•0451 


16-6 


•30 


»» 


10^0 


100 


AB 


1592 


189,763 


•59 


•2784 


•0093 


33 


•10 


SO 


8-3 


100 


A 


962 


131,697 


•67 


•2562 


•0182 


66 


•28 




93 


100 


JK 


777 


112,750 


•60 


•1963 


•0771 


28-2 


•64 


^, 


18 


96 


BI 


819 


106,002 


•64 


•2290 


•0729 


341 


•46 


M 


16^0 


100 


B 


2025 


211,072 


•63 


•8116 


•0000 


0^0 


•04 


4^0 


01 


100 


A 


1619 


123,165 


•72« 


•4071 


•0346 


7^8 


•40 


6-8 


6^9 


100 


BC 


1904 


193,974 


•64 


•3216 


^0000 


0-0 


•03 


40 


01 


100 


A 


1077 


118,221 


•63c 


•8116 


•0202 


61 


•18 


6-8 


27 


100 


BC 


1790 


178,300 


•64* 


•3216 


•0102 


81 


•10 


4-0 


0-2 


100 


AC 


1420 


113,688 


•59 


•2734 


•1666 


36-4 


•53 


6^8 


7-8 


90 


BI 


1976 


185,392 


•68 


•2642 


•0186 


6-6 


•14 


40 


86 


100 


AB 


1447 


112,262 


•60 


•2827 


•1690 


86-0 


•65 


6^0 


92 


86 


FI 


1618 


180,106 


«0 


•2827 


•0192 


6-3 


•10 


4-0 


25 


100 


AB 


1276 


101,421 


•62 


•3019 


•1398 


31-6 


•60 


6-0 


8-8 


90 


F 


1562 


174,912 


-eu 


•2922 


•0097 


3-2 


•24 


40 


6^0 


100 


B 


1291 


102,309 


•60 


•2827 


•1690 


36-0 


•86 


6-8 


12-6 


60 


FI 


1447 


164,246 


•53 


■2207 


•0812 


26-9 


■46 


4-0 


115 


85 


FI 


1518 


118,763 


•63 


•8116 


•1801 


29-4 


■80 


6-8 


11-8 


90 


F 


1461 


155,404 


•56 


•2376 


■0840 


261 


■40 


4^0 


10-0 


82 


FI 


1276 


101,422 


•59 


•2784 


•1688 


52-3 


•88 


6-8 • 


120 





I 


690 


82,124 


•63 


•3116 


•0000 


0« 


•02 


4 


0-0 


100 


A 


1319 


108,649 


•63 


•8116 


•1301 


294 


•86 


6-8 


126 


76 


F 


991 


130,237 ' 


•58* 


•2642 


•0185 


6-5 


•10 


40 


2-6 


96 


F 


877 


118,946 


•55 


•2876 


•0461 


160 


•44 


3^0 


147 


80 


FI 


635 


94,977 


•50 


•1968 


•0864 


30-5 


•67 


2-8 


204 


80 


FI 


635 


91,890 


•50 


•1963 


•0969 


82-7 


■60 


2-8 


21^4 





I 


562 


82,166 


•49 


•1886 


•1134 


37-5 


•65 


2-6 


220 





I 


398 


66,953 


•62 


•3019 


•0000 


00-0 


•08 


2-6 


©■0 


100 


A 


165 


94,284 


•37 


•1078 


■0374 


25-8 


•64 


8^0 


8^0 


12 


FI 


28 


91,410 


•28 


•0616 


•0462 


42-7 


78 


8-0 


98 




CnrsUUlne. 


I 


1383 


76,839 


•72 


•4071 


•2149 


34*5 


1-00 


60 


20^0 





P 


1204 


71,963 


76 


•4417 


•1628 


267 


0-92 


t» 


18^4 


Or 


P 


1161 


71,638 


•64 


•8216 


■2696 


447 


1-02 




20^4 1 





P 


1076 


65,934 


•75 


•4417 


•1628 


267 


0-90 


t» 


18-0 i 





P 


597 


63,341 


•55 


•2376 


•1695 


416 


1^08 


u 


21-6 : 


^ 


P 


540 


62,864 


•54 


•2290 


•1568 


406 


112 


It 


22-4 1 


2 


P 



166 



EFFECTS OF DIFFERENCE IN THE 

BcgnmtaliMW tf tt« 
Non.— AH the piacM vera taken pmntevowtr &«>> Engbieen' or Kerdiante' 



Index 
Na 


HamM of tlM Mftken or Work*. 


HowTi«sted. 


OBieiNAL, 


Dlunt. 


Aroa. 




IBON BABB. 




1. 

inch. 


2. 

sq. in. 


1051 
1062 


Bbadlet ft Ca ® 8. 

n »» * 


Caae-hardened in ftunace, a, cooled in Oil 

tt «, « Water. 


74 
•77 


•4300 
•4697 


1053 
1054 


BiUDLBT B. B. Scrap. 8. 


Da Da a, Da Oil. 1 
„ a, „ Water, o 


•77 
•75 


•46S7 
•4417 


1065 
1056 


LOWMOOB. 
11 


Da Da a, Da OIL & 
tt «, ,, Water. 1 


•76 
•74 


•4417 
•4300 


1057 
1058^ 


Olasoow B. Best 

»t »» 


Da Da a, Da OIL « 
„ tt «, It Water. 1 


•78 
•72 


•4184 
^4071 


1059 
1000 


Glasoow K Best 
»» »> 


Da Da ft, Do. Slowly. -g 
tt tl *i If »t h 

Da Da b, Da Slowly, 
tl It *t tt tl 


•70 
•60 


•3846 
•2827 


1061 
1063 


BowLiiia 


■67 
•71 


•3526 
•3958 


1063 
1064 


BiUDLRT B. B. Scrap. & 


Da Da d. Do. Do. 

It It /t ^11 It 


•87 
•88 


•5945 
•6062 


1065 
1066 
1067 
1068 


BowLnrck 


Da Do. e, Da Da 

:: :: | :: :: ,. 

It «i /t tt It . I 


•87 
•89 
•87 
•88 


•5046 
•6220 
•5045 
•6082 


1069 
1070 
1071 
1072 


Pobt-Dtjhdib Ex. B. Best 

M It 


Da Da «, Do. Da "g 

It tl ^ It " 1 

II . 11 .^ It It ? 

,. /, .. t. ^ 

Da Da e. Da Da g 

It It /i It II ^ ' 


•88 
•87 
•88 
•88 


•6082 
•5945 
•6063 
•6062 


1073 
1074 
1075 
1076 


BLOOHAntH a Best 

tt t( 


•87 
•88 
•87 

•88 


'6945 
•6082 
•6946 
•6082 


1077 
1078 
1079 
1060 


DUllDTTAXr. 

tf 


Da Da «, Da Do. 

It It ^ II 11 

„ ^ ,1 
tt tt /t It tl I 


•88 

•88 
•87 
•88 


•6082 
•6082 
•6946 
•6083 


1081 
1082 
1083 
1064 
1065 
1086 
1087 
1088 
1089 
1090 


BLOCHAnur Best - 
Off one Bar. *' 


"Cold-rolled" at the Works by Mr. Unth. 
It tt It 
It It It 

It tt It 
It 11 tl 
ft - It It 

I^ Do. and annealed. 
In the ordinary condition!. 


•76 
•76 
•76 
-76 
•76 
•77 
•77 
•77 
•76 
•83 


•4536 
•4536 
•4536 
•4586 
•4536 
•4657 
•4657 
•4667 
•4536 
•6310 


1091 
1092 
1093 


Glasoow B. Best 
Off one Bar. 


In the ordinary condition, A temperature 64*. 
Exposed all night to intense frost, and broken > 
in the morning; thermometer at 23'» Fah. > 
(Refer to Table T. 1636-1542.) 


•75 
•75 
•76 


•4417 
•4417 

•4417 


1094 
1095 


Glasgow B. Best 
Off one Bar. 


In the ordinary condition. 
Brought to a " welding heat,** and cooled > 
uowly without being hammered. > 


-76 
•73 


•4417 
•4184 
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Fraetnrtti in Plates IL, V. 

Stores, except those marked /&, which were received from the Makera 
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Wolgtt 


BTHllnff 

per aquizQ 
inch. 


raAOTVKED, 


DiAHKEUMr twttfwn 


j 


FRAOTURK. 




UVimt ' 


A«w 1 


Ortfimoiitrfvtatm^ 


part In calunuir 10. 


Grnctuljir * 
cryit^ikne 


Kind. 


8. 


4. 


5. 


6. 


7* 


a 


9. 


10. 


11, 


la. 


la. 


Ibai 


lbs. 


inch. 


sq-in. 


sq. iiL 


Hcent 


Ipch. 


iddlieiL 


^csnt 1 


lic^t 




533 
533 


65,800 
61,522 


•78 

n 


•4184 
•4657 


- -one 

•flOUO 


3-7 
0-0 


'17 
■11 


4D 
4D 


4'9 
27 


100 


k 


619 
505 


56,693 
52,647 


•76 
•75 


•4630 
•4417 


^>121 

•ttXJO 


2^ 
0.0 


■SQ 


4D 
4-0 , 


6-0 

a-o 


m 
m 


k 

k 


616 
554 


59,583 
57,167 


•74 
74 


•4300 
•4300 


•0117 
•0000 


2-7 


-26 
*14 


4i> 
40 


6^ 
3-5 


50r 
»4r 


mo 
mo 


605 
421 


56,473 
51,236 


•71 
•72 


•3958 
•4071 


•oooo 


0^ 


■3ft 
■10 


4^0 
4-0 


Hi 
2& 


40 


o 
mo 


505 
233 


60,317 
55,161 


•66 
•57 


•3421 
•2552 


•0437 


IM 
97 


■31 
■M 


4D 
40 


127 
14^ 


30 
30 




o 


419 
447 


57,274 
54,637 


•64 
•68 


•3216 
'3632 


•oaio 


e-8 
8-a 


'42 
'30 


4-0 


10^6 
S1> 


HJfJ 


m 
m 


761 
720 


51,084 
48,060 


•85 
•87 


•5674 
•5946 


•0271 


4-6 
2-51 


•aa 

13 


4^ 
4-0 


9-2 


P6 


1 
1 


936 
904 
769 
790 


69,340 
55,276 
51,449 
51,282 


•84 
•87 
•85 
•87 


•6441 
•5945 
•6674 
•6946 


•0504 

•0S71 
•0137 


85 
4-4 
4« 
St2 


■47 
^2 


4-0 
4^ 


117 
7<l 
66 
3« 


IflO 

100 
100 
100 


m 
m 


936 
647 
533 
533 


68,004 
47,245 
39,461 
39,451 


•83 
•86 
•88< 
■88« 


•5310 
•5812 
•6082 
•6082 


•0772 
■0133 

•WfOO 

■oooo 


12^ 
00 


■65 
-03 


5-0 
6fl 


lai* 

41} 
1^ 

0-6 


100 
100 

lOOr 


mn 
mQ 

DO 

m n 


811 
749 
662 
705 


58,468 
49,395 
47,960 
47,370 


•85 

•87 
•87* 
•88 


•5674 
•5946 
•6945 
•6082 


•0271 
■0137 
■OflOO 
■UQOO 


4il 
0^ 


■40 
■17 
-11 


51> 
5 


1^4 


m 
m 

loo 

100 


ran 
mn 

n 

11 


920 
736 
647 
533 


57,267 
48,750 
47,246 
39,451 


•86 
•87 
•87 
•83 


•5812 
•6946 
•6945 
•6062 


■0?70 
fll37 
■OWN) 


4-4 

2-a 

0-0 


'43 
■Ift 
*J0 
-01 


fi-O 
6-Q 


8-0 

3-0 
015 


100 
lOOr 
ItJOf 
100 


n 
n 
n 

n 


947 
848 
819 
819 
819 
819 
819 
712 
591 
826 


78,466 
72,341 
70,551 
70,551 
70,551 
68,718 
68,718 
62,285 
56,477 
60,637 


•66 
■61 
•60 
•60 
•60 
•60 
•60 
•67 
•65 
•62 


•8318 
•2922 
•2827 
•2827 
•2827 
•2827 
•2827 
•2552 
•2376 
•3019 


-]ej4 

1709 
■170^ 
'1700 
*1B30 

■isao 
-Sim 


26^ 
35-6 
37-7 
37-7 
S77 

ay-,-* 

45i! 
47 .C 
431 


0'48 
OfiS 
OiWI 

o-ee 
om 
on 

0-76 

r38 

144 
1^26 


66 
^■5 
5-5 
5'3 

^■5 

5^a 

6'ft 


a'7 

107 

lao 

I2U 

n'4 

13D 
13« 
2.-3-0 

sea 



D 




f) 








P 

PI 
pq 

pq 
pq 

pq 


565 
534 
534 


55,717 
64,385 
54,386 


•66 
•69 
•68 

• 


•2462 
•2734 
•2642 


1955 

leHS 

■i77& 


413 
3A'1 
402 


^37 
1-24 
l^SO 


«'3 
5:6 


24^ 
22U 
33-6 







q 
q 

q 


669 


60,604 


•67 


•2552 


■IBGfl 


42-2 


145 


6-S 


221i 


3 


q 


520 


66,477 


•62 


•3019 


■iiaa 


371J 


115 


65 


177 


IS 
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EFFECTS OF DIFFERENCE IN THE 

Seprete&t&tioiis of thA 
NOTS.— All the pieces were taken promiKuomly from Engineers* or Merchants' 







OBIOINAL, 


Weight 


Breaking 


Index 
Na 


Names of the Maken or Works, and how Treated. 






on 
Steel- 


Weight 
per Square 










DUmeter, 


Are*. 


Tiifi 


Inch. 






1. 


^ 


3, 


4. 




* 


Incih. 


iq. ill. 


Iba 


11» 


v<m 


Crank-ahaft (A) cot out croasway mt ftrged flown. 


mo 


7fl5t 


1319 


5s,,nfl 


lfl97 


11 TT 


1^0 


^854 


1L04 


ii0,906 


loga 


^ l5oL tnmftd down; 'Wted ana t 

cooied sIowIt, ) 

Da Dol bcated a^a cooled In water. 


l-OU 


■7854 


1076 


40,9011 


11^ 


1^0 


lufA 


1033 


4fi.yT5 


1100 


IW 


795* 


47fi 


ZB^SIB 


]101 


Crank-shaft (BJ cat lengthi beatad and cooled In wat^. 


l-OO 


■7854 


1117 


fi?1.331 


1111? 


Da Dfc witHout beintf Utated. 


1-on 


-7M4 


3J9 


41.311 


i\^ 


Atmotu' -plate cut cron«, heated and itttoled In water. 


100 


'78S4 


■705 


30.Rfi2 


llOi 


91 li 11 *► 


liM 


7BS1 


6M 


86, 147 


UOft 


l>gL Ho. ivithOQt being heated. 


IflO 


'7834 


e47 


at,6U 


llOfi 


flOTAU B. Best Bolled-ljir. {Ja^ ||1l 


M2 


-9953 


1831 
1704 


61,341 


1107 


LowncK)* Do. i^S'Tlillj 
LownoOR Da {Ja^,^^- ^"^yi 


l-OO 


^B54 


ISIS 
1340 


ri5,00G 
6D,320 


iioa 

1109 


1^)1 
1-00 




1376 
1318 

1304 
I'm 


liT,381 

BB,037 
57,502 


1110 


FAmrLET Da ^|JT^^ |||| 


1-00 


-7854 


1247 
900 


66,005 
40,342 


im 


BowLiKa Da Square^ ordinary sfaEo. 


76x^fl 


■5700 


fiea 


sa,453 


1112 


11 it n 1! 


Tfix-es 


, -4340 


705 


£3^330 


1113 


^^ Go?AH <^ EoUed-bar. fS. 


J^7 


l^ffS 


2243 


55,8^9 


1114 


All cut Dff<w* Bar 1| inch diameter, and after reheating S. 

rolled down to IJ, l, I, h to note the effects of s 

J additlona] roUhig. \B. 


l-Ol 


060 12 


ISIS 


57,379 


1115 


0-75 


0-4 II 7 


5S>* 


58 J 90 


Ills 


0-57 


02124 


1^ 


6^.708 


HIT 


GoVAjf Hflninjered^bar SqaarB^ I fnch. 8. 


IflOx liM) 


lijnoo 


gnsa 


(77,3(56 


lllB , 


ailoaxlDi 


J 1)104 


1»J3 


00,737 


1U& 


Do. Ba Ttimed down fromll In. bq. £ 


ItM 


0-7i54 


Km 


7J,7D8 


iisro 


11 11 n M « 


IW 


07854 


1475 


64,133 



TREATMENT. TABLE N, BARS. 

FrMtutf in PUtei II., V. 

Stores, except those marked A, which were received ftom the Makers. 
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FRACTURKD. 


DUmetor. 


An*. 


6. 


6. 


inch. 


■q.111. 


0-91 
0-96 
0-95 


•am 

7-288 
7088 


0-91 


•6604 


1-00 


•7864 


0-90 


•6362 


0-87 


•5946 


0-98 
0-98 


7643 
7643 


0-97 


7892 


1-07* 


•6992 
•6281 


•97* 


7S99 
•3526 


•97* 
•6V 


7392 
•3626 


■981 

•ev 


764S 
•3526 


•90* 
•6V 


•6362 
•2922 


•61 X -50 
•a5x-48 


■2560 
-2640 


•90 
•73 
•53 
•37 


•6862 
•4071 
•2210 
•1077 


•77 X -77 
•76 X 75 


•6929 
•6625 


•77 
72 


^667 
4071 



Or1gim<a4kDr«uhir«d 
Anas. 



7. 

■q. in. 

•1350 
•0616 
•0766 

•1850 

•0000 

•1493 
•1909 



tail 

•0311 



•0462 



^0660 
•4^1 



•0462 
•4328 



•0620 
•4486 



•0311 
•4328 



•1492 
•4932 



•3150 
•2300 



•6306 
•3041 
■2207 
•1047 



•4071 
•4779 



•3197 
•3788 



8. 

ipcent 

17-2 
7-9 
9-8 

17 2 

00-0 

19^0 
243 



4^0 
4-0 



5^9 



87 
46*4 



6'9 
561 



77 
56« 



4-0 
551 



19^0 
62-8 



66-3 
46-6 



4978 
4919 
49 98 
49-29 



407 
45-9 



407 
481 



XLONeATION. 



QriglDal length of itretetaed 
put in column 10. 



9. 

inch. 

108 
0-60 
058 

0-87 

0-02 

1^08 
1-34 



0-20 
0-24 



0-88 



1^08 
271 



0-58 
2-31 



078 
2^58 



0-51 
3*18 



078 
214 



1-57 
1-00 



170 
1-60 
1-51 
1-43 



1^22 
1-50 



I-65 
2-16 



10. 

inches. 

6-5 
6-5 
6-5 

6-6 

6-5 

6-5 
6-5 



8-0 
8-0 



8-0 
8^0 



7-5 
75 



7^0 
TO 



in 

70 



7^0 
7-0 



6-6 
6-5 



60 
6^0 
6-0 
60 



6-6 
6^6 



77 
80 



11. 

ipcent 

16-6 
9-3 
90 

lS-4 

0-3 

16-6 
20^6 



2-5 

SO 



13-5 
83-9 



77 
30-8 



111 
36-9 



7-3 
311 



111 
30^6 



24*1 
154 



28-3 
267 
25^2 
2S^8 



18-6 
227 



201 
26-9 



OryaUllln*. 



12. 

ipcent 

40 
50 
54 

35 

100 

15 
22 



33 

18 



88 







13. 



c 



cf 
cf 



U 
P 
P 
P 
P 



N 

N 
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EFFECTS OF DIFFERENCE IN THE 

Bepregentatifliii of the 
NOTB.— AH the pieces were taken pramitetiouav fifom Engineeri' or Merehantu' 



1 




— 

ORIGINAL. 


Weight 


Breaking 


IiMfei 








oa 


Weight 


Ka 


Vames oftlM Maken or Works, and bow TMnted. 






Steel- 








ThkkBdlh 


AIMU 


Yard. 


Inch. 






1. 


2. 


8. 


4. 




IBON FIiATXB. 


inch. 


sq.ln. 


lbs. 


lbs. 


1121 


Glasgow Best Boiler. Ordiiuuy. L^ 


•186 X 2-00 


•372 


253 


iJlS 


1122 


GalTanised. I* 


•186 X „ 


•372 


281 


45,532 


1123 


Ordinary. C 


•190 X „ 


'380 


302 


46,105 


1124 


; GalTanised. C 


•190 X 


•380 


295 


46,605 


1125 


Do. Da Ordinary. L. 


•235 X ," 
•285 X 1-90 


•470 


879 


ih^H 


1126 


Galvanised. L. 


•446 


837 


41,493 


1127 


! Ordinary. C. 


•238 X 2-00 


•476 


281 . 


^Sl 


1128 


Galvanised. C. 


•238 X „ 


•476 


337 


f'Sf 


1129 


1)0. l5a Ordinary. L. 


•376 X „ 


•750 


704 


S»Sf 


1130 


Galvanised. I* 


•375 X „ 


•750 


^S 


39,961 


1131 


; Ordinary. C 


•375 X „ 


•750 


533 


32,000 


1132 


Galvanised. C 


•875 X „ 


•760 


506 


30,946 


U33 


I)a Da Ordinary. C. 


•186 X ,; 

•186 X 1-90 


•372 


260 


43,952 


1184 


„ Galvanised. C 


•353 


197 


41,320 


1135 


BLOCHAiWf Best CJoia-roUed at Works by Mr. Lanth. S, L. 


•238x2-00 


•476 


1189 


88,993 


1186 




•228 X „ 


•466 


606 


50,960 


1137 


„ „ Ordinary state. S.h. 


•345 X „ 


•690 


806 


45,812 


1138 


l5a l5a "Cold-roUed." S.C. 


•238 X „ 


•476 


1M7 


80,643 


1139 


,, Do., and then annealed. S,C 


•230 X ;; 


•460 


476 


48,674 


1140 


\\ \\ OrdinAry state. 8.C 


•345 X „ 


•600 


738 


43,020 


1141 




•190 X 200 


•380 


1475 


132,563 


1142 


Soft. *t 


„ X „ 


•380 


IU61 


102,047 


1143 


Da Da Da Da in Oil. « f 

Soft. ^i 


X 


•380 


1475 


132,653 


U44 


t» X „ 


•380 


890 


80,447 


1145 


Da Da Da Da in OIL « f 

Soft. * 1 


»» X ti 


•380 


1419 


128,426 


1146 


„ X „ 


•380 


790 


82,079 


1147 


Da Da Da Da In Oil ^ j 


« X „ 


•880 


1304 


119,947 


1148 


tt X „ 


•380 


1120 


106,394 


1149 


Da Da Da Da InOiL «, J 
„ „ Soft. I 


tt X „ 


•380 


1247 


*iM5J 


1160 


»» X „ 


•380 


776 


81,047 


1161 


Da Da Da Da in Oil « ( 

Soft, ^-i 


tt X „ 


•380 


1104 


106,216 


1152 


tt X „ 


•380 


826 


84,710 


1153 


Da Do. Da Da in Water.,, f 

Soft. ^1 


tt X „ 


•380 


961 


iXl'^ 


1154 


t. X „ 


•880 


1118 


106,247 


1155 


MBBSsrCa "MUd" Paddled Steel, heated and cooled in Oil « J 

Soft ^i 


•250x2-00 


•500 


1762 


116,812 


1156 


•250 X 2-00 


•600 


1228 


86,908 


1197 


SHOBTBiDaH & Co. " Homa" Steel, heated and cooled In Oil ( 


•190 X 2-00 


•880 


1533 


136.826 


1158 


« „ Soft. 1 


„ xl-99 


•378 


990 


97,828 


1159 


Da Da Da Da in OIL ( 


„ X2-00 


•380 


1333 


122.100 


1160 


Soft. 1 


;; X209 


•380 


876 


88,416 


1161 


Da Da Da Da in OIL ( 


„ X2-00 


•380 


1319 


121,060 


1162 


Soft. 1 


„ X2^00 


•380 


819 


84,211 


1163 


Da Da Da Do. inoa J 


„ X2-00 


•380 


1304 


119,963 


1164 


Soft. t 
BIVBTTXD BTXUDIi FIiATlOB. 


t, Xl-87 


•866 


762 


85,660 




1165 


ShobtrxdoeA Co. "noma" Steel, f Whole Plate. 


•190 X 300 


•670 


1647 


65,186 . 


1166 


1 Cut AJolned with 2 Rivets. 
•1 f» • ^ " " 2 »» 


•43 


•290 1 


338 


18,394 1" 
18,394 g 


1167 


•43 


•s»0 


333 


1168 


„ ♦♦ § 5 »' »' 2 

n »» g « » »» f» 3 
„ It 1 M « 3 
M »» & " " S 

♦» "51 " " * 


t 


•43 


•290 


333 


18,394 1 
24,806 S» 


1169 


1 


•61 


•408i 


562 


1170 




•56 


•492* 


747 


29,986 ii 


1171 




•56 


•492 a 
•612 £ 

•2902 
•492^ 


790 


31,190 g 


1172 




•51 


848 


32,814 1 

18,394 £ 
19,206 •§ 
30,378 1 


1173 


Da Da fi^^ ^^ * 
It It S " " ^ 




•43 


833 


1174 


t 


•43 


362 


1175 


"id " " I 

n *f <' !!j ** ** ' 




•56 


761 


1176 


J 


•56 


•492 


.790 


11 

Totals 


1177 


r. :: ^: : i 




•60 


•665 


992 


1178 




•68 


•726 J 


1333 



TREATMENT. TABLE O, PLATES. 

FrftotorMi in Platoa m., IV. 

Stores, except those marked S.^ which were receiTed from the Makem 
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KLONOATION, 






Diflbrenee between 
OrighuadfDragtmrtd 








1 








Dtometer. 


Antk. 


iTMB. 


Original length of stratcbed 
put in eohunn 10. 


Cryttonine. 


Kind. 


5. 


6. 


7. 


8. 


9. 


10. 1 11. 


12. 


13. 


inch. 


sq. In. 


sq-ln. 


Vcent 


inch. 


inches. 


Vcent 


Vcent 




•180x1-98 


•356 


■016 


4-3 


•16 
•15 


5-6 


2-9 
2-7 


2 
25 


W 
TW 


•185 X 1-99 


•368 


•012 


32 


•10 
•11 




1-8 
2-0 


4 

15 


W 
W 


•220 X 1-99 


•438 


•032 


7-0 


•17 


^, 


3-0 


U 


W 










•20 




3-6 


ei 


W 


•233x2^ 


•470 


•006- 


1-3 


-04 




07 


25 


TW 










tM 


jj 


07 


80 


T 


•365x1-98 


703 


•047 


6-3 


•21 


,, 


37 


32i 


TW 










-25 




4-5 


88 


TW 


•370x2-00 


•740 


•010 


1-3 


•06 




11 


90 


T 










■04 


^^ 


07 


80( 


TW 


•183 X 2^ 


•366 


•006 


1-6 


•06 


^, 


11 


34 


TW 










-04 


,^ 


07 


45i 


TW 


•232x2^ 


•464 


•012 


2-5 


•01 


7-6 


01 


54 


R 


•208 X 1-94 


•394 


•068 


13-6 


•61 




8-0 





U 


•300 X 1-97 


•691 


•099 


14-3 


-34 


^j 


4-4 





U 


•238x2-00 


•476 


•000 


0-0 


-00 




0-0 


80 


R 


•218x1-96 


•427 


•083 


7-2 


•46 




6-0 


I 


U 


•822x1-98 


•637 


•053 


7-7 


■20 


*• 


2-6 


Granular. 


U 


•189 X 1-99S 


•876 


•004 


11 


•05 


5-6 


0-9 


86 


AX 


•188 X 1-98* 


-372 


«08 


21 


•16 




27 


78 


AI 


•189 X 1-99 


. •376 


•004 


M 


•08 


^^ 


14 


86 


AX 


•186 X 11)6 


•363 


•017 


4-5 


•28 


M 


5-0 


38 


I 


•188 X 1-99 


•374 


•006 


1-6 


•09 




1-6 


48 


X 


•180 X 1-97 


•355 


•025 


6-6 


•14 


„ 


2-6 


5 


J 


•190 X 1-99 


•378 


•002 


0^5 


•03 




0-5 


68 


AI 


•186 X 1-97 


•366 


•014 


8-7 


-22 


„ 


4-0 


82 


AI 


•178 X 1-94 


•345 


im 


9-2 


•27 




4-9 


00 


J 


•189 X 1-99 


•376 


•004 


11 


•12 


It 


21 


85 


AI 


•180X1-95* 


•351 


•029 


7-6 


-23 




4-2 


88 


AI 


•180 X 1-96 


•353 


•027 


71 


•18 


„ 


3-2 


28 


I 


•190 X 2-00 


•380 


DOO 


0-0 


•00 




0-0 


98 


AI 


•181 X 1-96 


•355 


•086 


6-6 


•26 


It 


47 


85 


AI 


•220x1-82 


•400 


•100 


20-0 


•48 




8-6 


00 


J 


•234 X 1-87 


•437 


•068 


12-6 


•36 


tt 


6-4 


33 


I 


•188 X 1-99* 


•374 


•006 


1-6 


•08 




14 


100 


A 


•178 X 1-95 


•347 


KOI 


8-2 


•83 


t1 


5-9 


100 


A 


•170 X 1-90 


•323 


•on 


20-3 


•38 




6-8 


95 


AD 


•156 X 1-79 


•279 


•101 


26-6 


•68 


t» 


121 


00 


F 


•176 X 1-95 


•343 


•037 


9-7 


-31 




67 


98 


AD 


•165 X 1-83 


•302 


•078 


20-5 


•60 


tt 


107 


00 


F 


M74 X 1-90 


•330 


<»0 


13-2 


-54 




9-6 


95 


AD 


•148 X 1-65 


•244 


•111 


31-3 


-99 




177 


00 


G 


33-4| 63,430 ^ ^ ^ R 
33-42 63,480 S S jS R 
33-4S 63,480 Sj 2x3 Sl 
44-65 t^% §2 3* 

^:*i — ij®| ^i Is 

33-4 •§ 63,480 ^^J^S* g^- fi 
34-8 S 66,207 ««§. * | S^ 
65-1 'S 61,744 S^^^ig- 
56-5 4i 63,374 | 1 Q^ 
66-8 3 65,214 .2 8 S. 
84-1 S 68,904 « ^ 1 


ivet heads ( 


Irawn off. 






ivets shean 


9d or cut through centre. 






Do. do. 
Da whole. 


da 
1 comer of both plates broken off. 






Da „ 


1 plate broken throa^h centre of h 


DlC& 




Da „ 


1 „ da da 






Da „ 


1 „ da da 






ivets shears 


8d or cut throngh centre. 






Da da 


da 






Da da 


da 






Da da 


da 






Da da 


da 






Rivet cat t 


iirongh, and 1 comer of 1 plate broli 


[en off. 
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EFFECTS OF DIFFERENCE IN 

Bapwi mtot i w M of tfie 
NoxB.— AS tiM piflOM were taken pmntetfOiH^ fSrom Engineers' or Merchanta* 



Iiid«x 
Ho. 


Namas of the lUkon or Works. 


ORIGINAL 


Wolgfat 
on 


BBVAKINO 8TBAIN, 


Diam. 


Aroft 


ToUL 


r«rBq In. 


1201 
1209 
IMS 


GoYAH Hammered-bar. & 

»i t* II 

II II M 


A. 
B, 
C. 


1. 
inch. 
070 
0-70 


a. 

sq. in. 
•3848 
•3848 
7854 


8. 

lbs. 
1033 
662 
1G90 


4. 

IbSL 

87,904 
27,606 
56.390 


0. 

Ib& 
98.737 
71,741 
71,798 


1204 
1205 
1206 


LowxooK (hardest bar.) 

n II 
II 11 


A. 
R 

a 


0-73 
0-78 
I'OO 


•4184 
•4184 

7854 


1047 
733 
1504 


38,386 
29,594 
51,182 


91,745 
70,781 
65,166 


1207 
1208 
1208 


BowLiNa (softest bar.) 
II II 


A. 
B. 

a 


0-78 
0-72 
1-00 


•4184 
•4071 
7854 


676 
491 
1322 


87,998 
22,818 
46,086 


66,917 
56,050 
58,678 


1210 
1211 
1212 


Bbadlst's B. B. Scrap. 8. 

n II II 
»» II II 


A. 
B. 

a 


0-70 
0-70 
ItN) 


•3848 
•3848 
7854 


758 
583 
1347 


30,294 
23,994 
46,786 


78,726 
62,355 
69,569 


1218 
1814 
1815 


Do. Da A 

II H II 

11 II *l 


A. 
B 

c. 


070 
071 
1-00 


•3848 
•3958 
7854 


783 
558 
1358 


89,594 
24,604 
47,122 


76,910 
62,390 
59,998 


1216 
1217 
1218 


^ GOTAH ^ 


A. 
B 

a 


070 
0-60 
1-01 


•8848 
•3739 
•8013 


640 
442 
1318 


36,690 
21,446 
45,974 


69,861 
67,3W 
57,879 


1219 
1220 
1221 


Do. Da 

II II 


A. 
B. 

c. 


071 
070 
1*08 


•3956 
•3848 
•8171 


e?76 
538 
1361 


27,998 
23,994 
47, n8 


70,738 
63,355 
57,738 


1282 
1223 
1224 


Qlasgow B. Best (softest bar.) 

n II II 

II II II 


A. 
B 
C. 


070 
070 
0^ 


•3848 
•3848 
7543 


662 
505 
1248 


24,806 
23,210 
44,014 


64,466 
60,318 
58,351 


1225 
1226 
1227 


Do. Da da 

11 II II 
II II 11 


A. 
B 

a 


070 
071 
0-98 


•3848 
•3058 
7548 


662 
633 
1248 


24,806 
28,994 
44,014 


64,465 
60,622 
58,:i51 


1228 
1229 
1230 


Da Do. 

II 1* 
II II 


A. 
B. 

a 


070 
0-70 
1-00 


•3848 
•3848 

7854 


761 
610 
1347 


30,378 
26,690 
46,786 


78,945 
69,361 
59,569 


1231 
1232 
1233 


Da Da (hardest bar.) A. 

B. 

fi II tt c. 


071 
070 
I'OO 


•3956 
:3848 
7854 


790 
562 
1882 


31,190 
24,806 
47,766 


78,808 
64,465 
60,817 


1234 
1285 
1236 


Bloohaibh B. Best 

II II 


A. 
B. 

a 


0-73 
073 
I'OO 


•4184 
•4184 
7854 


704 
697 
1304 


28,782 
25,786 
45,682 


68,790 
61,630 
58,049 


1237 
1238 
1239 


FoBT-DuNDAs £jc B. Bost 
II II 
II *l 


A. 
B. 


071 
070 
109 


•8858 
•3848 
•9332 


588 
351 
1162 


23,994 
18,898 
41,606 


60,622 
49,111 
44,584 


1240 
1241 
1243 


Ddmdyyan (common.) 
II fi 
II « 


t 

c. 


0-78 
073 
102 


•4184 
•4184 
•8171 


676 
619 
1190 


27,998 
26,402 
42,390 


66,917 
63,102 
51,879 


1243 
1244 


LOWKOOB. 
II 


A. 

c. 


077 
I'OO 


•4657 

7854 


890 
1433 


33,990 
49,194 


72.987 
62,635 


— ^— 
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ORDER 






VBAOTURED, 






ORDER 




PRAOTURB. 


















nw 








BUCOESSION. 


Diameter 


Area. 


Diffei 


»noe. 


BU0CE88I0N. 


Oryttanine. 


Kind. 


6. 


7. 


a 


9. 


10. 


11. 


18. 


13. 


14. 


16. 


16. 


17. 


A. 


R 


a 


inch. 


aq. in. 


tq.in. 


Vcent 


A. 


B. 


a 


Vcent 




1 






•65 


-3818 


•0530 


13-77 


6 






Or 






1 




•66 


•3463 


•1386 


36^02 




10 




Or 








1 


•77 


•4657 


•3197 


4071 













3 






•70 


•3848 


•0836 


8-03 


11 






98 






2 




•53 


•2134 


•3060 


49-23 




6 













3 


•70 


•3848 


•4006 


51-00 













10 






•63 


•3019 


•1165 


37-84 


1 













la 




•48 


•1800 


•3363 


65-66 




1 













7 


•66 


•3431 


•4433 


66-44 













6 






•63 


•3116 


•0788 


I9-03 


4 






Orr 






7 




•49 


•1886 


•1963 


61-01 




8 




Or 








6 


•69 


•3739 


•4115 


52-41 








Or 




6 






•68 


•3116 


•0783 


19-03 


6 






Orr 






6 




•60 


•1963 


•1996 


5040 




4 




Or 








4 


-70 


•3848 


•4006 


61^01 








Or 




8 






•61 


•3933 


■0926 


24-06 


3 






Or 


D 




IS 




•47 


•1736 


•3004 


63-60 




3 







C 






13 


•73 


•4071 


•8941 


4919 











c 


7 






•63 


•3116 


^0843 


31^27 


8 






3 


D 




9 




•61 


•3043 


•1806 


46^91 




6 







C 






11 


•74 


^4300 


•8871 


47-38 











C 


la 






■65 


•3318 


•0630 


1377 


7 






4r 


H 




11 




'54 


•3290 


•1568 


40^49 




7 







Q 






8 


•76 


•4417 


•3136 


41-44 








1 


6 


13 






•65 


•3318 


•0530 


1877 


8 






Or 


H 




10 




•65 


•3376 


•1683 


89-97 




8 







G 






9 


•76 


•4417 


•8136 


41^ 








1 


O 


8 






•66 


•8421 


•0427 


11^09 


9 






84 


Q 




s 




•w 


•3558 


•1396 


8370 




11 







P 









•78 


•4779 


•3076 


8916 






10 


1 


P 


4 






•69 


•3739 


D3I9 


5*54 


13 






96 


8 




4 




•64 


•3316 


•0633 


1643 




13 




88 


R 






3 


•88 


•5281 


•3673 


3376 






11 


35 


BP 


9 






•70 


•3848 


•0836 


8-03 


13 






70 


O 




9 




•68 


•3648 


•1643 


86-85 




9 







N 






10 


•86 


6674 


•8180 


3776 






13 


13 


NP 


14 






0^6B 


•3683 


•0836 


8-34 


10 






56 


U 




14 




0-66 


•8431 


•0437 


11-09 




18 




78 


T 






14 


1-03 


•8333 


•0999 


1071 






13 


48 


T 


U 






078 


•4184 


■oooo 


0^00 


•14 






100 


W 




5 




070 


•3848 


•0836 


8^08 




14 




98 


V 






18 


l-OO 


•7854 


•0817 


3-88 






14 


100 


V 








0-71 


•3958 


•0699 


I5H)1 








90 


M 








0-68 


•3683 


•4223 


6376 











L 


1 
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SCREWED AND CHASED 

Bepresentatioiifl of the 
Note.— An the pieces were taken promfaewnaHif from Engineers* or Merchants* 



! 
1 

1 








Weight 






Index 


N&mM of ibe Maken or Works. 


1 


CD 


BREAKING 8TBAIN. 


BBEA&INO STRAIN, 


Ka 


and bow Treated. 




1 


Steel, 
yaid. 




Screwed. 








1. 


8. 


4. 5. 


6. 7. 








in. 


Iba. 


lbs. lbs. 


lbs. Iba 


1801 


^ GOTAV ^ 


Screwed. 


Ik 


1704 


56,782^ 




46,273^ 




1302 


tt *> 


„ 


ft 


1704 


56,782 




46,273 




1303 




11 




1704 


66,782 




4fi,273 




1804 
1305 


tf t» 




;; 


1690 
1690 


66,390 
66,390 


60,887 


46,954 
46,964 


46,911 


1306 


i» » 


II 


,, 


1675 


66,970 




45,611 




1307 






^, 


\mo 


66,390 




45,954 




1308 


" M 


„ 


„ 


1648 


65,2I4J 




44,966j 




1809 


Glabqow B. Best 


Screwed. 


u 


1717 


hIMC 




46,6701 




1310 


«• t« 


ti 


tt 


1717 


57,I4{J 




46,670 




1311 








1648 


f>\nA 




44,996 




1312 


u »t 


„ 


,^ 


1693 


M,GI4 




43,730 




! 1313 


»t tt 


,j 


^j 


1561 


5a,T7ii 




43,010 




1 1314 
1310 


»» i» 


II 


It 


1504 
1447 




60,610 


41,709 
40,410 


41,161 


1316 


»» tt 


If 


^ 


1418 


48, m 




39,747 




1317 


tt tt 




j^ 


1390 


Ai.'mi 




39,108 




1318 


tt It 


ti 


^j 


1297 


45.3«e 




36,986 




1319 


*t t» 


11 


^, 


1248 


44,1 >M 




35,870 




1320 


tt t» 




„ 


1220 


^A,lMi 




36,230. 




1321 


Do. Da 


Chased. 


li 


1660 


52,7501 




42,968] 




1322 


tt t» 


tf 




1462 


50,006 




40,751 




1323 


tt t» 


It 


j^ 


1447 


40,586 




40,409 




1324 
1325 


tt ft 


11 


;; 


186k 
1447 


47,178 
49,086 


48,689 


88,447 
40,409 


89,648 


1326 


It II 


K 


^j 


1346 


46,758 




38,104 




1327 


It tt 


If 


jj 


1332 


46,366 




37,785 




1328 


II It 




„ 


1819 


46,002 J 




37,488. 




1.329 


BAONALLttJB 


Chased. 


li 


1861 


47,1781 


38,4471 




1330 
1331 


II II 
11 It 


11 


II 


1354 
1247 


43;9?6 46,688 


38^287 
35,846 


87,100 


1332 


»i »i 


If 


„ 


1247 


43,986j 


36,845 J 




1338 


Do. Da 


Screwed. 


U 


1504 


61,1821 




41,7091 




1334 


It It 


II 




1418 


48,774 




39,748 




1335 
1336 


It It 
It t» 




11 


1497 
1418 


50,986 
48,774 


49,647 


41,650 
89,748 


40,469 


1837 


It ti 


11 


It 


1440 


49,390 




40,249 




1338 




11 


ti 


1418 


48,774 J 




39,748. 




1339 


Ddndtyan (common.) 


Screwed. 


li 


1535 


5i,o&i( 


42,417] 




1340 


II II 


„ 




1504 


ai,L8i 




41,700 




IMl 


II It 


^, 




1492 


60.946 




41,4^6 




1342 


II n 


,j 


,, 


1418 


48,771 




*9J47 




1343 


It It 


„ 


,, 


1390 


47,^K) 




3ft,ioe 




1344 




^^ 




1361 


47, ITS 




i»,+47 




1345 


It i» 


11 


^^ 


1376 


ii.tm 


48,886 


3a,76B 


89,800 


1346 


II It 




11 


1361 


47,178 




38,447 




1347 


II It 


If 




1347 


4fi.7SG 




33, EST 




1348 


It It 




„ 


1361 


*7;i7J^ 




38,447 




1349 


11 II 


„ 


It 


1332 


[■:.>;■; 




z%im 




1350 


It It 


11 




1304 


^.,.-, 1 


37,UIS. 




1351 


Blochaibm B. Best 


Screwed. 


1 


819 


32,2021 




40,7431 




1352 


II 11 






791 


31,190 




39,712 




1353 


It 11 


II 


„ 


791 


31,190 




39,712 




1854 
1355 


11 If 
11 It 


11 


II 


733 
733 


29,604 
29,594 


89,906 


37,680 
37,680 


^ 88,118 


1366 


11 11 


11 


11 


676 


27,998 




35,648 




1357 


11 It 


11 




676 


27,998j 




36,648. 




1358 


Dtodxvan (common.) 


Screwed. 


1 


720 


29,2301 


37,2171 




13&9 


It It 


„ 


It 


647 


27,186 


34,614 




1360 


It It 


„ 




561 


24,778 


81,648 




1361 


It It 


II 


„ 


676 


27,998 86,994 


35,648 


84,844 


1362 


It tt 




,, 


662 


27,606 


55,149 




1363 


It i> 


„ 


It 


630 


26,430 


33,661 




1864 


It It 


11 


II 


690 


25,690J 


82,583j 



BOLTS. TABLE Q, DETAIL. 

Fraoturei, fto., in Pl*te ZVI. 

Storea, except those marked S., which were receired from the Makers. 



175 



FEB BQUABE INCH. 


DlAmnee betwM 






EQUITALBNT. 


FRACTURE. 


nSerawedMid 


Bedoclion 


DlJun. ofan 












Unscrewed Ban. 


inDUmeter 


UuBorowed 


Ciy^ 


Kiml. 














bySerewing. 


Bar. 






8. 


9. 


10. 


11. 


la. 


18. 14. 


16. 


16. 


17. 


18. 


No. 


lbs. 


lbs. 


lbs. 


lbs. 


9 cent ^ cent. 


Inches. 


lnche& 


9 cent 




712 


56,067 




9,7941 
9,794 




17-471 
17-47 








4r 


IS 


710 


58,1^21 




12,048 




20-66 








27r 


BC 


711 


66,V01 


67,698 


12,867 
10,747 
11,090 


11,687 


21-20 
18^ 
19-56 


90*94 


186 


1-116 


15r 

98 

62rr 


BE 
BC 
BE 


709 


59,'302 




ia,3i8 
14,306. 




22-51 
2412. 








98 
62r 


BE 
BE 


729 


56,404 








17-431 
17-43 
20-22 








68 
72 
55r 


CE 
CE 
CE 


^ 


8S.'&7 




I^es7 




21-50 
22-77 








30 
86r 


CE 
CE 


7il 


ft 

63,'439 


64,679 




18,416 


24-92 
24-38 
25-62 

26-82 


94-09 


•166 


1066 


18r 
22r 
25r 
50r 


CE 
CE 
CE 
CE 


732 


52,776 




I5,7i«) 

i7,&4e. 




29-92 
32-03 
33-24. 








86 

30r 

45r 


CE 
CE 
CE 


729 


56,404 




13,4161 
15,653 




23781 
27-75 








92 
75r 


E 
CE 


ih 


65,'^ 




15,288 




27-45 








lOr 


C 


lil 


53,*4S9 


64,679 


17,250 
13,030 
15,336 


16,081 


80-97 
24-38 
2870 


97*66 


186 


1-064 


8r 
32r 
8r 


C 

CE 
C 


732 


62,'776 




14,991 




28-45 








16r 


CE 


u 






15,288j 




28-97. 








28r 


CE 


704 


54,1231 




15,6761 




28-971 








7 


C 


703 
702 


64,731 
55,081 


66,000 


16,444 
19,236 


17,894 


30-04 
34-92 


89*60 


•998 


1*097 


3 

32r 


C 


701 


56,067] 




20,222. 




86-06. 








88 


CE 


701 


56,067 




14,3581 
16,319 




25-611 
29-01 








93 
86r 


E 
CE 


704 


54,'i23 


66,000 


12,573 
14wS75 


14,681 


23-23 
26-66 


90*64 


•178 


1*079 


22 
lOr 


CE 

CE 


702 


55;661 




14,832 
15,338. 




26-92 
27-84. 








98 
46 


E 
CE 


746 


58,640 








27tJ71 
28-89 








95 
98 




»« 


** 




17,^04 




29-34 








98 




■ik 


5i;521 




11,774 




22-85 
24-09 








98 
97 


w 




49,ii36 


61,887 


1:3,07* 

11.4UD 


19,097 


25-38 
2170 
22-89 
28-03 


98-40 


•166 


1*004 


99 
99 
98 
95r 




748 


45;^U 




7,HH 




1571 
1716 








99 
99 






»t 




S,465 




18-56. 








85 




761 


58,049 




17,3061 
18,337 




29-811 
81-59 








54r 
96 


CE 

E 


»» 


" 




18,337 




81-59 




• 




48r 


CE 


7g4 


58,^1^2 


66,790 


16,292 
16,292 


17,009 


80-19 
8019 


31-61 


•178 


*897 


Ir 
Ir 


C 
C 


** 






18,324 




33-95 








2r 


c 


„ 


« 




18,884 




33-96 








Ir 


c 


769 


61,879 




14,6621 
17,265 




28-261 
33-28 








100 
98 


f 


7^0 


48;L 


60,814 


20,331 
13,318 
18,817 


16,870 


3919 
27-20 
28-23 


31*66 


•178 


•wt 


95 
92 
76 


F 
F 
F 


*' 


*' 




15,815 




31-27 








96r 


F 


" 


" . 




16,384. 




88-46J 






88r 


F 
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SCREWED AND CHASED 

B^prwntatipiM of th« 
NOTB.— All the pieces were taken promitewmiitif from Engineen* or Merchants* 



i 








Weight 






Index 


NMiiMoftlMlIakanor 


Worlu^ 


f 


oo 


BBBAKHie STRAIN. 


BBKAKUre STRAIN. 


No. 


and how Treated. 




2 


Steel* 
ya«l. 


TMal on Spedmen. 


Bcrowed. 










1. 


8, 


4. 6. 


6. 7. 










in. 


Ihs. 


lbs. lb& 


lbs. lbs. 


1865 


LOWHOOB. 






1 


1366 


47,0101 




59,8561 




1366 






olddie& 


„ 


1276 


44,798 




67,039 




1367 


^J 




tt 


„ 


1243 


44,014 




66,040 




1368 
1869 


;; 




tt 
„ 


;; 


1218 
1218 


43,174 
43,174 


43,881 


64,970 
64,970 


66,168 


1870 








„ 


1205 


42,810 




54^,506 




1371 






", 


It 


1133 


40,794 




51,940 




1878 


»i 




w 


It 


1133 


40,794. 




61,940. 




1378 


Da 




Da 


1 


033 


85,194 




44,8101 




1374 






new die& 


^, 


933 


85,194 




44,810 




1376 


^ 




ft 


tt 


933 


85,194 




44,810 




1876 
1877 


» 






tt 
It 


904 
819 


84,382 
32,002 


88,486 


43,776 
40,743 


48,647 


1878 


^, 




ft 




819 


32,002 




40,743 




1379 


^^ 




" 


„ 


819 


82,002 




40,748 




1380 


♦» 






ft 


819 


32,002. 




40,743. 




1881 


Do. 




Chased. 


1 


997 


36,986] 




47,0021 




1882 


,, 




It 


It 


933 


35,194 




44,810 




1388 


jj 








938 


86,194 




44,810 




1884 


^j 




^, 


^^ 


983 


35,194 


86,881 


44,810 


44,868 


1885 


,, 




It 


„ 


905 


34,410 




43,812 




1886 


„ 




tt 


„ 


905 


34,4 lOj 




43,812J 




1887 


BowLora 




Screwed. 


1 


976 


86,398 1 


46,3431 


1888 
1888 


»» 




new dies. 


" 


983 

983 


86,194 86 685 
S5;i94j ^'^ 


it;l!!!J«'»" 


1390 




B. 


Screwed. 


1 


996 


36,9581 


47,0391 


1891 


It 




old dies. 


^ 


961 


85»9T« I — — 


45,809 .^ --^ 


1392 


t« It 


ft 


ft 


ft 


990 


36 790 86,686 


46;842 «»«88 


1393 




If 




*f 


990 


36,790j 


46,842 J 


1894 


Bradlbt B. B. Scrap. 


a. 


Da 


1 


920 


84,8301 


44,3471 


1895 

laoe 


ft >< 


ft 


new dies. 


If 


905 
920 


84,830 84,881 


Sll? «.«! 


1S07 




ft 


ft 


tt 


848 


32,814 J 


41,780j 


1396 


^ GOVAH <^ 




Screwed. 


1 


961 


85,9781 


45,8091 


1899 






new dies. 


jj 


876 


88,508 1 ^ 


42,778 ,, ^, 


1400 


If f* 






ft 


904 


34^392 f 8i,690 


43^776 44,W6 


1401 


tf *i 




It 




904 


84,392j 


43,776j 


1403 


Da Da 




Chased. 


1 


933 


35,1941 


44,8101 


1408 
1404 






It 
It 


ft 
If 


876 
862 


^'^ 83,708 


42,280 ^fOlS 


1406 








ft 


848 


S2,814j 


41,780J 


1406 


Qlasqow B. Best 




Screwed. 


1 


1076 


3i*,iroi 




4it,&731 




1407 


ft ft 




old dies. 


ff 


1047 


assHfl 




43J74 




1408 


ft tt 




It 


t< 


1004 


37J8'J 




47,341 




1409 






tt 


tf 


990 


3fl,790 




A^mi 




1410 


ft t» 




ft 




933 


2^,\U 




44.{il0 




1411 


»f t» 




It 


ft 


876 


33,59« 




43,778 




1412 


tf tt 






ff 


1004 


37,182 




47,^41 




1413 
1414 


ft It 




It 
It 


It 
ft 


876 
876 


33,609 


86,674 


42J73 
4^778 


46,884 


1416 


ft tt 








961 


65,1)78 




4r},ei]«} 




1416 


tt It 




ft 


ft 


961 


^97S 




45,tlfl5 




1417 


tt ft 




ft 


»i 


848 


a^asi 




4fl,U7fl 




1418 


ft ft 






If 


961 


BSfVJ7S 




43,er^ 




1419 


"^ It ft 




ft 




938 


Z\\^A 




44,&]0 




1420 


If ft 




ft 


tt 


876 


S3,aL«, 




4^,77a. 




1421 


Da Da 




Screwed. 


1 


804 


81,5821 




40,2111 




1422 


tt ft 




newdie& 


ft 


804 


31,682 




40,211 




1423 
1424 


It It 
11 It 




ff 


fi 


761 
761 


30,378 
80^378 


80,618 


38,678 
88,678 


88,866 


1425 


tt It 




ft 


n 


733 


29,694 




87,680 




1426 


" " 




If 


tf 


783 


S9,694j 


87,680j 

^ . ■=! 



BOLTS. TABLE Q, DETAIL. 

Stores, except those marked &i which were received from the Makem 
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PE 














EQUITALENT. 


FRACTURE. || 


B SQUIRE IKOH, 




















Reduction 


I>i«m.ofMi 








UiucrewecL 




in Diameter 




Crys. 


Kind. 










by Screwing 


Bar. 






8. 


9. 10. 


11. la. 


18. 14. 


16. 


16. 


17. 


18. 


Ka 


IbsL lbs. 


IbflL lbs. 


^ cent ^ cent 


inches. 


inches. 


^cent 




105 


65,166 




5,311 




815 








100 


D 


lOG 


62,636 




5,596 
6,695 




8-93 
10-53 








100 
100 


D 


"' 


59,'^0 


61,898 


7,665 
7,665 


6,785 


12-24 
12-24 


10-91 


D56 


'944 


100 
100 


D 
D 


108 




4,812 




811 








100 


D 


107 


60,069 




8,129 




13-53 








1 


B 


M 


♦» 




8, 129 J 




13:63 








1 


B 


107 


60,060' 




16,2591 
15,269 
16,269 




25-40 
26-40 
26-40 








80r 
lOr 
12r 


BD 
BD 
BD 








16,293 




2712 








20r 


BD 


jj 




60,710 


19,396 


18,068 


3217 


89^ 


•161 


•889 


rl2r 


BD 




62,635 




19,326 




3217 








15r 


BD 


106 




21,892 




34-96 








20r 


BD 


„ 


» > 




21,892. 




84-96. 











B 


105 


65,166] 


18,0741 




2774^ 








6r 


B 


106 


62,<S35 _ _ 


20,356 
17,826 




31-24 
28-46 








Or 
6r 


B 
B 


107 


,, W,««8 


17,825 


17,765 


28-46 


88*84 


•158 


•847 


80r 


BD 


60,069 


16,257 




27-06 








2 


B 


»» , 


«> J 


16,267j 




27-06 J 








16r 


BD 


134 


58,6781 


12,3351 


21-021 






Or 


B 


;; 


» [ 58,678 


«;««jl.,3« 


^'^6V 28-76 
23-63/ "* 


*181 


•879 


Or 
Or 


B 
B 


135 


W,0391 


10,0001 


17-531 






rlr 


A 


I& 


68,036 «7,6a7 


11,194 f W»W4 


19-29 WW 


•100 


•900 


rlr 

r8r 


A 
A 


„ 


» J 


ll,194j 


19-29J 






t&r 


A 


138 


69,5701 




15,2231 




25-551 








rlr 


A 


W 


69,^ 


60,784 


15,758 
16,661 
18,218. 


16,818 


26-46 
26-09 
30-36. 


8711 


•146 


•854 


r22r 
rlr 
rlr 


AD 
A 
A 


724 


57,788 




11,9291 
14,960 




20-661 
25-94 








2r 

18r 


BC 
BD 


m 


59,726 


68,788 


16,950 


14,697 


2672 


861)1 


•184 


-866 


Or 


BC 


„ 


.. J 




15,950 J 




2672. 








Or 


BC 


723 


58,232 




18,4421 


2308 








2r 


BC 


722 


59,'270 


68,761 


16,474 ,, --^ 
16990 W,M» 


26*56 
28-66 


86*98 


•146 


-854 


8r 

r5r 


BC 
BC 


M 


;. J 




17,400 J 


29-51. 








14r 


BD 


214 


59,569 




p,Gr??i 




16-281 








00 


E 


»• 


60;^I7 








17-96 
20-53 








25r 
25r 


CE 

C£ 


213 




13,975 




22-98 








100 


E 








Iff.OO? 




26-32 








100 


E 




It 




Hs,n3s 




29-66 








100 


£ 


215 


50,569 




W,22i 




20-53 








45 


CE 


»» 


66,'l21 


68,886 


I6,™i 
16.7WI 


18,591 


2818 
2818 


881)7 


188 


•877 


96 
90 


E 
£ 


217 




1^31^ 




18-87 








80 


EC 




«« 




10,312 




18-87 








12r 


CE 


2l\j 


58,&l 




]bJ43 
J:^A4£ 
13,MI 




26-98 
21-40 
23-20 
26-69. 








Ir 
95 
98 
90 


i 

E 
E 


216 


58,351 




18,1401 


81-001 








8r 


C 




j^ 




18,140 


81-09 








8r 


C 


t> 


;; 


68,861 


19,673 10 .^ 
19,673 *•»*»• 


33-71 
3371 


88*41 


174 


•886 


15r 
Ir 


CE 
C 








20,671 


35-42 








18r 


CE 


" 


»» . 




20,671 J 


35-42. 








20 


CE 
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SCREWED AND CHASED 

RepresentatioM of the 
NOTB.— All the pieces were taken pronuBcwnulv from Engineers* or MerchantB* 











Weight 








iDdtt 


Nmum of the lf«ken or Works. 


s 


on 


BBBAKIHe 8TBAIN. | 


DBBAKINO STRAIN, 


Na 


and hoir Treated. 




1 


Bteel. 
yard. 


Total on 


Specimen. 










1. 


8. 


4. 


5. 


6. 7. 








in. 


lbs. 


lb& 


lbs. 


lbs. lbs. 


1427 


<^ OOTAK <^ 


Screwed, 


1 


274 


lt^7i2- 




M,570T 




1428 


It ft 


old dies. 




274 


IGJiU 




54,570 




1429 




„ 


,, 


253 


IGJM 




52,053 




14S0 


ti »t 


It 


tt 


281 


i^sm 




55,208 




1431 


»» tf 


It 


It 


278 


l6sH5^ 




54,0.16 




1432 
1438 


u t« 


»i 




253 
274 


16,Ui4 
If? 7^1 


16.528 


64,570 


68,866 


1484 


ti «t 


11 


^^ 


274 


ie,74'2 




i>4.570 




1435 


tt ft 


tt 


^j 


258 


K^liJ 




sa.c'ja 




1436 






j^ 


281 


1'],*138 




S^j.208 




1437 


ti It 


„ 


„ 


260 


liysho 




53,2^ 




1438 


tt •! 


tt 


tt 


239 


15^762 . 




51,375. 




1489 


Da Da 


Da 


1 


218 


iri;i74T 




40,4^01 




1440 


tt tt 


new dies. 




211 


A4,978 




4«,H^ 




1441 


tt tt 


II 


^, 


208 


14,S94 




iBM<i 




1442 


It tt 




tt 


211 


14.,97S 




4W,8W 




1443 


tt tt 


ti 




211 


14,598 




4is,Bi?(} 




1444 
1445 


It 11 
tt 11 




;; 


204 
222 


14,783 
15,296 


14,680 


48481 


47,846 


1446 


11 ti 


tt 


^, 


Z 


]%,im 




47,007 




1447 


tt tt 


It 


„ 


l4,yiXj 




4G,iW3 




1448 


tt tt 




,^ 


190 


i4^;^s<> 




4ff,!Ma 




1449 


11 tt 


„ 


ti 


176 


UM^ 




4^riiG 




1450 


tt tt 


11 


tt 


162 


13i,G0fl, 




44,a43 




1451 


Glasgow B. Best 


Screwed, 


1 


268 


lfl,574l 




hi,(m^ 




1452 


tt tt 


old dies. 




260 


lC,3ijO 




53,232 




1453 


It It 


II 


^^ 


232 


l&,&fi6 




50,737 




1454 




tt 


,, 


281 


lfl,!)3S 




S5.20ft 




1465 


It tt 




II 


263 


Hj,154 




52,663 




1456 
1457 


It tt 


tt 


It 


226 
243 


J. "5, 874 


14,828 


50,098 
51,740 


61,101 


1458 


tt tt 


11 


„ 


215 


}5,am 




49,1 ai5 




1459 


tt tt 




It 


204 


Ii78a 




4S,m 




1460 


tt tt 


ft 




225 


15,370 




50,(m 




1461 




It 


„ 


222 


15,386 




49,3^4 




1462 


tt tt 


tt 


It 


204 


U^IM. 




49,181 . 




1463 


Da Da 


Da 


1 


190 


U,3M1 




46,9031 




1464 


tt ti 


newdlesL 




184 


HM'Ja 




46,3flO 




1465 




„ 


„ 


159 


U,^52 




44,074 




1466 


tt 11 


„ 


„ 


187 


11^306 




46,630 




1467 


11 11 


„ 


tt 


176 


13,0iJ8 




46,020 




1468 
1469 


ti tt 


It 




148 
159 


lJ3,yl* 
13,553 


18,878 


43,070 
44,074 


48,600 


1470 


tt 11 


tt 


^, 


148 


13,214 




4a,Or70 




1471 


tt 11 




11 


148 


13,214 




43,0(70 




1472 




11 




115 


|2,^J0 




40,OS9 




1478 


tt tt 




,^ 


115 


}2,mi 




40,Q6fl 




1474 


tt tt 


tt 


It 


115 


13.290 




40,05&, 




1475 


Da Da 


Chased. 


1 


159 


13,5521 




44,0741 1 


1476 


tt tt 


„ 




148 


13,214 




43,070 




1477 
1478 


It It 
It II 


11 


tt 


148 
127 


13,214 
12,626 


18,785 


43,070 
41,154 


41,666 


1479 


It It 




tt 


118 


12,284 




39,876 




1480 


It It 


" 


It 


100 


11,870. 




38,690, 











BOLTS. TABLE Q, DETAIL, 

Fractnrea, fto., in Plate ZVI. 

Stores, except those marked &t which were received tram the Makem 
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Dilferanoebetwei 






EQUITALBNT. 


FBAOTUBE. 




PXB BQUAItX INCH. 
























DUnLOfan 








Unaerowed. 




Unacrewed Ban. 


in Diameter 


Unierewed 


Ciy^ 


Kind. 














Bar. 




> 




a 


9. 10. 


11. 


12. 


18. 14. 


16. 


16. 


17. 


18. 




No. 


lb& IbSL 


lira. 


Iba 


^ cent ^ cent 


inches. 


Inches. 


^cent 






728 


65,626 








172 
172 









Or 


H 
H 




7^7 


^^ 




2,e73 




517 











H 




66,784 




\,51& 




a-TS 











H 






„ 




1,849 




3-25 








Or 


H 




7^6 


60,668 

u 

60,*929 


58,199 


4.131 

6,93g 
7,905 


4,844 


7-28 
9-89 
9-80 
13-06 


7-46 


•084 


-eoi 




Or 



H 
H 
H 
H 




726 




4,Til 




7-88 








Or 


H 




tt 


»t 




Gf^iT 




11-07 











H 




»» 


«t J 




a.^H, 




14-27 J 








Or 


H 




728 

It 


55,526 

t« 




6,0661 
7,0tiO 




10-921 
12-08 
14-37 














H 
H 
H 




727 


56,784 
ft 




7.JJ64 




1402 
14-02 












H 
H 




li 




58,199 


10^734 

lavosi 


10,858 


1516 
17-78 
20-89 
22-65 


n-TO 


058 


'567 








H 
H 
H 
H 




726 




13,0:^0 




2174 











H 




»» 


»» . 




15,5Ht 




23-87 
26-00. 








Or 
Or 


H 
U 




742 


59,929 
68.ii71 




8,9071 
G.637 




9-861 
11-07 
16-34 








8 

72 
60 


HG 




744 




3,403 




6-90 











H 




„ 


,f 




fi,0l8 




10-26 











H 




743 

11 


68,'^71 


69,300 


8,5^73 

fi.eai 

li.4Bfi 
10,15U 


8,199 


14-61 
11-81 
1617 
17-90 


18 82 


D46 


-580 



Or 
Or 
Or 


H 
H 
H 
H 




741 


69,929 




!>,tt3l 
10,105 
11,748 




16-40 
16-86 
19-60. 








9r 
6r 
4r 


HG 
HG 
HG 




74S 


59,929 
It 




U53!l 




2174"! 
22*59 








26 

4 


18 






58,'fel 




i^&^a 

12,041 




26-46 
20-52 
22-28 








6 




HG 
H 
H 




744 


59,L 


59,300 


lfl,G01 
Ifl.GOl 


16,700 


26-69 
24-88 
26-69 
26-59 


86^7 


D69 


•586 








H 
H 
H 
H 




741 




iy,s7o 




33-16 








6 


HG 




„ 


„ 




iw.ino 




33-16 








6 


HG 




- »» 


ft 




lU.ffJiD, 




33-16. 








9 


HG 




742 


69,9291 




15,8551 




26^1 








6 


HG 




743 


58,671 




15,601 




86-59 








Or 


H 




742 
744 


69,929 
58,671 


69,800 


16,859 
17,617 


17,644 


2813 
29-86 


89-76 


101 


'584 


4 



HG 
H 




744 


58,671 




18,795 




32-03 











H 




741 


69,929j 1 


21,239 




36-44. 











H 
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SCREWED AND CHASED 

NoTK— An the pieoM were taken prmnuawuilif tnm Engineen* or Merchants* 



>i 


a 








Indax 


BBBAKnre straw, pxb 




1 


NanMt of the Makan or Worki. 
and how TrMted. 


1 


Noa. 




BORSWSD 




HigtaMt. 


LowMt. 


Mean. 














1. 


SL 


8. 














Ihs. 


lb& 


lbs. 


601 
602 
603 
604 




O GOTAH O 

Olaboow B. Best 

Bagvall tt J B. 

Ddvdttav. 


Screwed. 


1» 


1801-1808 
13 '9-1330 
1333-1338 
1339-1350 


46,273 
46,670 
41,709 
43,417 


44,966 
35,980 
39,748 
37; 146 


45,911 
41,161 
40,459 
89,300 


60S 
606 

607 
608 
609 




Glasgow B. Best 
Baomall 02 J B. 

LOWKOOB. 

Bbadut® a. 
Glasgow B. Best 


CSiased. 


1 


1321-1838 
1329L1838 

1385-1372 
1380-1398 
1406-1420 


43,968 
38,447 

50,866 
47,039 
40,873 


87,488 
35,845 

51,940 
45,809 
40,978 


39,548 
37,106 

66,158 
46,683 
45,394 


ovtownUf 

oUdiesL 


610 
611 
619 
613 
614 
615 
616 




LOWKOOB. 
BOWLIHG. 

Beadlst Bw B. Scrap. S. 

O GOTAV O 

Glasgow B. Best 

DUHDTTAK. 


Screwed, 

newdieft 

i» 

»» 


1 

»» 

»1 


1973-1880 
1887-1389 
1894-1897 
1898-1401 
1431-1486 
1351-1357 
1368-1364 


44,810 
46,843 
44,347 
45,809 
40,311 
40,743 
87,317 


40,768 
44,810 
41,780 
43,778 
37,680 
85,648 
31,548 


«,647 
45,331 
43,671 
44,085 
38,866 
88,118 
84,344 


617 
618 




O GOYAV O 
LOWKOOB. 


Giaaed. 


.'. 


1403-1405 
1881-1386 


44,810 
47;002 


41,780 
43,813 


43,918 
44,858 


619 
620 




O GOTAV O 

Glasgow B. Beat 


Screwed, 
old dies. 


1 

n 


1437-1438 
1461-1463 


56,308 
66,908 


51,375 
48,181 


53,855 
51,101 


631 
638 




O GOTAV <> 

Glasgow B. Best 


Screwed, 
newdlML 


1 


1439-1450 
1468-1474 


49,834 
46,908 


44,348 
40,056 


47,846 
43,600 


628 


180 


Glasgow & Best 


Chaiad. 


1 


1476-1480 


44,074 


38,690 


41,656 



WELDED JOINTS. 

NofBk-^An the pleees were taken prombewnulif from Engineers* or Merchants^ 



Haaifls of the Ifaken or Worka. 
and how Treated. 



1481 
1483 
1483 
1484 
1486 
1480 

1487 
1488 
1489 
1490 

1491 
1493 
1483 
1494 

1495 
1406 
1467 
1488 

1499 
1500 



ZBONBAB& 
Glasgow & Best Welded bj smith. 



Fakhlbt. 



Da 



GoYAv & Best Da 



Da 



Da 



GoYAB Ex. B. Best Da hj chain-maker 



Moss A Gaiiblb. Welded by the Makem 8. 
♦I ft » »» S. 



OBieUAL 


Weight 




on 
SteeU 
7«l. 


Uam. 


Aim. 


1. 


8. 


& 


inch. 


Bq.ln. 


lb& 


1-35 

It 

n 
n 


1-3271 

n 


9018 
1935 
1733 
1675 
1561 
1047 


IDO 

tt 


7854 

»» 
n 


1104 
990 
819 
761 


•76 
76 
•76 
■76 


•4536 
•4636 
•4417 
•4636 


690 
569 
407 
431 


•76 
•76 
■76 
•68 


•4536 
^636 
•4536 
•8683 


606 
508 
430 
140 


•75 
76 


4417 
•4417 


619 
431 



BBKAKTNG 
BTftAIH. 
Total on a 



IbSL 



M,SM 



65,8741 

63,360 

67,504 

55,970 

52,778 

38,386. 

39,9831 

SSS 34,788 
3U,378j 



SS,7V7 



411 



^™} 88,680 



30,868; 



BRSAKUre 0XB. 
WBLDBD. 



6. 
IbSL 

53,480 
51,644 
46,985 
46,611 
43,010 
Sl,388. 



48,801 



41,888 






66,415 
55,119 
46,335 
46,983 

57,341 1 

56,909l^_^ 
45,931 f 48,984 
85,765j 

69,778^ „-„ 
47,283 >M»488 



BOLTS. TABLE R, SUMMARY. 

Stores, except those maiiced <&, which were reoelTed from the MakersL 
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SQUARB IN.I 
aMSORBWlD. 




DIVrSBBNOX BBTWXBN 
BOBXWXD AND UH80BBWXD BARS. 




■QUITALBNT. 


FBAOTUBBS. 


Reduction 
In Diameter 


Diam.ofan 


















Mean. 


Least. 


Great«at 


Mean. 


by Screwing; 


Bar. 


CryetaDine. 


4. 


6. 


6. 


7. 


a 


9. 


10. 


11. 


12. 


13. 


lb& 


IbSL 


lucent 


lbs. 


^cent 


lbs. 


^cent 


inches. 


inchesL 


^cent 


67,588 
64,579 
&5,090 
61,327 


9,794 
9,881 
12,573 
7,164 


17-47 
17-43 
28-23 
1571 


14,306 
17,540 
16,319 
17,204 


24-12 
33-34 
29-01 
29-34 


11,687 
13,416 
14,631 
12,027 


20-24 
24-69 
26-54 
23*40 


-136 
•166 
-178 
•156 


1115 
1-086 
1*072 
1-094 


40 
44 

51 
97 


64,579 
56,000 


13,030 
16,676 


23-78 
28-97 


17,250 
20,222 


30-97 
86W 


16,031 
17,894 


27-56 
32-50 


•186 
•223 


1-064 
1-027 


82 
17 


61,893 
67,637 
68,886 


4,812 
1U,000 
9,696 


811 
17-53 
16-28 


8,129 
11,230 
18,039 


13-53 
10-69 
89-66 


6,735 
10,904 
13,591 


101)1 
18^5 
23-07 


•056 
•100 
•123 


0-944 
0-900 
0-877 


75 

4 
70 


00,710 
68,678 
50,784 
68,732 
68,351 
66,720 
60,214 


15,259 
12,835 
15,223 
11,929 
18,140 
16,292 
13,318 


25-40 
21-02 
25-56 
20-66 
31D9 
2981 
27-20 


21,892 
13,868 
18,218 
15,950 
20,671 
18,387 
20,881 


34-95 
23-63 
30-36 
2672 
35-42 
33-95 
39-19 


18,068 
18,857 
16,213 
14,697 
19495 
17,602 
15,870 


29-70 
2276 
27-U 
25-01 
38-41 
31-61 
31-65 


•161 
-121 
•146 
•134 
•174 
•173 
•173 


0-839 
0-879 
0-854 
0806 
0-826 
0-827 
0-827 


15 


6 
11 
29 
92 


56,761 
02,623 


13,U2 
16,257 


28-08 
27-06 


17,490 
20,356 


29-51 
31-24 


15,849 
17,765 


26-98 
28-34 


•146 
•168 


0-864 
0-847 


6 
9 


58,190 
59,300 


0,956 
8,463 


172 
5-90 


8,654 
11,748 


14-27 
19-60 


4,344 
8.199 


7-46 
13-82 


-024 
•045 


0-601 
0-580 



12 


58,190 
59,300 


6,066 
12,041 


10-92 
20-52 


16,581 
19,870 


26-00 
33-16 


10,353 
15,700 


1778 
26-47 


•058 
•089 


0-567 
0-536 



5 


68,800 


16,601 


26-46 


21,230 


86-44 


17,644 


2976 


•101 . 


0-624 


9 



TABLE S, DETAIL. 

Stores, except those marked <SL, which were received from the MakersL 













BBTWXBN 
irXLDBD BARS. 


XQUIV*- 


XLONOATION. 


FBAOTUBX. 


UNWBLDXD. 


WBLDBD AND UN 


Diameter of 

aBar 
Unwelded. 


Original length of 

stretched purt in 

Column 1& 


C.7* 


Where. 


8. 


0. 10. 


11. 12. 


13. 


14. 


15. 


16. 17. 


la 


19. 


90. 


81. 


Na 


lbs. lbs. 


lbs. lbs. 


^ ct 9 cent 


inchesL 


In. in. 


in. 


Vc 


IPct 




f784 
729 
732 
731 
734 
734 


66,6971 

56,404 

62,776 «gM 

63,439 M,962 

55,697 

55,697 J 


2,258] 
4,860 
5,841 
7,828 
12,687 
24,409. 


9,6«8 


4-1] 

8-6 
117 
14-6 
22-8 
43-8. 


1716 


1186 


781 
•58 
•40 
•25 
•27 
llj 


40 


60 


67 


48 
82 
40 
18 
15 
25 


solid 

solid 
solid & weld 
solid & weld 
solid & weld 
soUd&weld 


.129 

niso 

«181 
3132 


64,133] 
64,183 
63 634 
59,670. 


68,868 


18,226] 
17,291 
22,888 
20,892J 


18,676 


20-6] 
29-3 
35-9 
851 J 


9m 


0-886 


75] 
•42 
-26 
•32. 


•44 


6D 


78 



2 




aoUdftweld 
soUd&weld 

weld 

weld 


U23I 

^232 

234 

233 


61,106] 
59,316 
58,886 

58,884j 


69,648 


4,691] 
4,197 
12,551 
12,90lJ 


8,686 


77] 
7-1 
21-3 
21-9 


14-6 


0-701 


-801 
-68 
•18 
•20, 


•47 


80 


69 



1 
18 
65 


solid 

solid 
soltdftweld 
soUd&weld 


161 
162 
164 

lies 


59,0701 
58,452 
65,653 
«,190. 


67,691 


1,7291 
1,543 
9,782 
21,426. 


8,607 


2-9^ 

2-6 

17-6 

37-4, 


161 


0*688 


1-25^ 
1-56 
0-46 
0-08J 


■84 


80 


105 




45 


aran 
63 
38 


solid 

solid 

solid A weld 

weld 


< 43 


lS§:?S}xi,.7«, 


68,541 J »»»»» 


46-0) 
58-6J 


- 62*8 


0618 


S}-o* 


60 


0-7 


solid A weld 
BoUdAweld 
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SUDDENLY APPLIED 

SeprMentationa of the Frftotores in 
NOTC— All tbe pieces were taken promiaeuoudy firam Engineers* or.Merchants* 









OmOIITAL. 


Weight 


SUDDEN 


FRAOTUKED OB SMALLEST. 


Index 
No. 


Mamei of the Maken or Works. 




on 
Steel. 


APPLIED 
STRAIN, 


























Dlam. 


Ai«a. 


yard. 


Per8<i.In. 


Dlam. 


Area. 


Difference. 








1. 


8. 


a 


4. 


6. 


6. 


7. 


& 








inch. 


sq. in. 


lbs. 


lbs. 


inch. 


gq. In. 


sq. in. 


tpct. 


1501 


BSADLET® 


a. 


1-00 


7864 


1390 


60,848 


•67/' 


•3526 


•4328 


66-1 


1502 


»f »» 


^, 


^, 


,, 


1390 


60,848 


•66, 


•3421 


•4433 


.'j6-4 


1508 


»« »» 


,, 


J, 


„ 


1076 


49,909 


•6y 


•3116 


•4738 


60-3 


1501 


»f ♦♦ 


11 


It 


11 


1047 


48,875 


77» 


•4667 


•3197 


407 


1505 


Bbadlbt B. B. Scrap. 


s. 


1-00 


7854 


1276 


57,039 


75/ 


•4417 


•3437 


4S-8 


1506 


tt 11 


tt 


1-00 


7864 


1161 


52,938 


7y 


•4071 


•3783 


48 •a 


1507 


Bbadlbt SB B G 




0-89 


'6220 


762 


48,874 


•87/ 


•5945 


•0275 


44 


1508 
1509 


It n 


Ist Trial 
2d „ 


0-89 


•6220 


f 762 
1790 


48,874 
50,145 


77i 


4657 
•3318 


•1663 
•2902 


251 
46-6 


1510 


LOWMOOB. 




1-00 


7854 


1333 


59,071 


jj^ 


•4071 


•3788 


48^2 


1511 


M » 






„ 


1047 


48,874 


72/ 


•4(/71 


•3783 


48-2 


1513 








„ 


1047 


48,874 


'89s 


•6220 


•1634 


20-8 


1513 


11 1» 






J, 


1047 


48,874 


•70/ 


•3848 


•40C6 


51-0 


1514 


„ „ 






^, 


990 


46,842 


•91* 


•6504 


•1350 


172 


1515 


„ „ 






„ 


983 


44,810 


•92* 


•6650 


•1204 


15-3 


1516 


„ „ 






„ 


990 


46,^2 


•89* 


■6220 


•1634 


20-8 


1517 


„ „ 






„ 


1047 


48,874 


72/ 


•4071 


■3783 


48-2 


1518 


„ „ 






„ 


1276 


57,039 


•92* 


•6650 


•1204 


15-3 


1519 


„ „ 


1st Trial. 






(9d3 
11047 


44,810 


•93* 


^808 


•1046 


13-3 


1520 


11 11 


2a „ 




" 


48.874 


72/ 


•4071 


•3783 


48-2 


1621 


BowLiNO (softest bar.) 




1-00 


7854 


1047 


48,874 


•89* 


<220 


•1634 


20-8 


1522 


Glatoow B. Bsst 


Ist Trial. 






f 705 


36,682 


•96* 


7238 


•0616 


7-8 


1523 


It It 


2? '^ 


itw 


7854 


876 


42,778 


•88* 


•6082 


•1772 


226 


1524 


n >t 


3d „ 






I 990 


46,842 


7y 


•4417 


•3437 


43-8 


1525 


1) tt > 


fe* " 


0-99 


7698 


j 933 
1 933 


45,718 


-BU 


■ -6504 


M194 


15^5 


1526 


It tt 


2d „ 


45,718 


75/ 


•4417 


•3281 


42 6 


1527 


11 11 


Ist „ 


1-00 


7854 


(1047 


48,874 


•93* 


•6808 


•1046 


13-3 


1528 


11 tt 


2d „ 


U047 


48,874 


•87* 


•6945 


•1909 


24-3 


1529 


tt 11 




„ 


„ 


1104 


60,006 


•87/ 


•6945 


•1909 


24^3 


1530 


It tt 




11 


„ 


1276 


57,038 




7543 


•0311 


3-9 


1531 


11 It 




098 


7543 


1161 


65,121 


^f 


•6660 


•08P3 


11-8 


1532 


tt It 




„ 


„ 


1047 


60,890 


•80/ 


•5006 


•2617 


33-3 


1538 


, tt It 




„ 


„ 


1047 


50,890 


72/ 


•4071 


•3472 


46-0 


1534 


It M 




11 


11 


962 


47,-34 


72/ 


•4071 


•3472 


46-0 


1535 


11 ^^ 






11 


933 


46,658 


•87* 


•6945 


•1698 


21-2 


1536 
1537 


Da Do. 
Temperature 


^Ijl 


0-75 
11 


•4417 


478 
464 


60,835 
49,948 


•67/ 
•66* 


•2552 
'3421 


•1865 
•0996 


42-2 
22-5 


1538 


64° Fah. 


;=3tr 




11 


450 


49,060 


•68* 


•3632 


^0785 


17-8 


1539 
1540 
1541 
1542 


Da Da lltl 

Exposed all night to intense frost, » a- 2 

and broken in the morning. Hg 1 S 

Thermometer 28' Fah. ^ 5 S. 


0-75 


4417 

11 
11 


478 
450 
435 
421 


60,835 
49,060 
48,109 
47,222 


71* 


•2462 
-2642 
•35-26 
•3958 


•1955 
•1775 

•0891 
•0469 


44-3 
40-2 
20-2 
104 


1543 


GLAfloow B. Best 




076 


•4417 


534 


54,885 


•63/ 


•3116 


•1301 


29-5 


1544 


tt ti 




11 


It 


478 


50,835 


•59/ 


•2734 


•1683 


381 


1545 


Bagnall se J b 




1-25 


1^2271 


1789 


48,213 


1^21/ 


11499 


■0772 


6-3 


154fi 
1547 


Gbane-shaft B cnt oat lengthway, turned. 

tt It »» u «• 


1-00 
1-01 


7854 
•8012 


761 
704 


38,078 
35,923 


•90/ 
•89/ 


«=:62 
•6220 


•1492 
•1792 


19-0 
22-4 


1548 


11 11 11 11 


„ 


tt 


„ 


676 


34,945 


•95* 


7088 


■0&2I 


11-5 


1549 


It It 11 11 


„ 




It 


647 


33,931 


•96* 


•7088 


•0924 


11-5 


1550 


11 11 11 11 


It 


" 




590 


31,939 


•9^ 


7543 


•0469 


6-8 





















STRAINS. TABLE T. 

Plates n. ft V. Apparatus in XVI. 

Stores, except those marked A. which were received from the Makera 
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ELONOmON. 


OBADUALLT 


11 




PRAOTURE. II 








APPLIED 








Orijrinal length of 


RRBAKINQ 


REMARKS. 






■tretchedpartia 


STRAIN. 




Crys. 


Kind 


Column 10. 












0. 


10. 


11. 


13. 


1& 


14. 


le. 


Id. 


17. 


Inch. 


inch. 


^Ct 


Na 


Iba 


IPcfc 




9 cent 




1-07 


2-6 


42-8 


186 


56,004 


108-6 


Broke gradnany, very warm. 


Or 


L 


110 


2-5 


440 


184 


57,787 


105-3 


Da da da 


Or 


h 


1-88 


4-5 


41*8 


136 


56,004 


89*1 


Do. very slowly, da 
Unbroken. 


Or 


L 


1-78 


4-6 


S9-5 


134 


57,787 


84-6 


— 


"~ 


0-96 


2-« 


38*4 


137 


60,998 


951 


Broke gradnally, very warm. 


Or 


H 


1-02 


2« 


40-8 


138 


59,570 


88-9 


Da da da 


Or 


M 


O'SO 


60 


8-8 


147 


61,714 


79-2 


Broke qnlckly, Fractnre same as 147. 


60 


X 


114 


6-0 


19-0 


146 


62,344 


78-4 


— 


— 


1-66 


6-0 


26-0 


146 


62,344 


80*4 


Broke sradoally. 





Q 


1-80 


7-0 


26*6 


106 


62,635 


94*4 


Broke gradoally. 





p 


1*52 


7-0 


21-7 


106 


59,320 


82*4 


Do. da 





P 


1-60 


7-0 


22-9 






82-4 


Unbroken, resting on block. 


— 


— 


2-00 


7-0 


28-6 


^^ 


^ 


82-4 


Broke gradually. 





p 


1*49 


7-0 


21*3 






79-0 


Unbroken. 


— 


— 


1-88 


7-0 


19-7 




n 


75*» 


Unbroken. 


— 


•^ 


0-87 


6-5 


12*2 


106 


62,635 


74*8 


— 


— 


0-84 


6-5 


15-8 


107 


60,069 


81*3 


Bmke very gradually 

Resting on block, dropped accidentally. 

Unbroken, no perceptible decrease witli strain oflf. 





p 


1-43 


7-0 


20-4 


105 


65,166 


87*5 


-~ 


— 


111 


7-0 


15-0 


107 


60,069 


74*6 


— 


— 


319 


7-0 


81-3 




t» 


81*3 


Broke very giadaaUy. 





P 


ie7 


7-0 


22*4 


124 


58,678 


83*3 


Unbroken. 


— 


— 


0-76 


7-6 


101 


215 


50,569 


61-6 


Unbroken. 


— 


— 


1-68 


7-6 


22*4 


' 




71-8 


Unbroken. 


— 


— 


2*12 


7-5 


28*3 






78-6 


Broke. 





s 


1*32 


7-5 


17-6 


217 


56\hl 


81*4 


Unbroken, resting on block. 


— • 


— 


1*92 


?-5 


25-6 






81*4 


Broke. 





s 


1-26 


8-5 


14-8 


214 


591569 


821 


Unbroken, resting on block. 


— 


— 


2-00 


8-5 


23-5 






82*1 


Unbroken. 


— 


— 


0-62 


5-0 


18*4 


213 


60;817 


837 


Broke gradually. 


18 


u 


0*28 


80 


3-5 






93-8 


Broke instantaneously. 


100 


T 


0-48 


6-0 


8-0 


216 


58|351 


94*5 


Broke suddenly. 


72 


U Y 


0-78 


60 


13-0 




' 


87*2 


Broke. 





S 


1-60 


6*0 


26-7 


" 




87-2 


Broke. 





s 


1-53 


6-0 


25-5 


'* 




81-8 


Broke very slowly. 





s 


1-18 


8-0 


14-8 


tt 


f» 


80-0 


Unbroken. 


"~ 


~" 


112 


6-5 


17*2 


1091 


55,717 


91-2 


Broke. 





s 


1*14 


6*5 


17*5 






m-e 


Unbroken. 


— 


— 


1-03 


6-6 


15-8 


»» 


!! 


88-0 


Unbrokea 


— 


— 


1-23 


6*5 


19-0 


1091 


55,717 


91*2 


Broke. 





s 


113 
0-89 
0-75 


6-5 
6-5 
6-6 


17-4 
137 

n-5 




. 11 


88-0 
86-3 
847 


Broke. 
Unbroken. 
Unbroken. 





s 


1-43 


6*5 


22-0 


1094 


66,604 


97-8 


Broke. 


22 


u 


1-68 


6-5 


28-0 




»» 


90-0 


Broke gradually. 





s 


0-72 


7-5 


9-6 


703 


54,731 


881 


Broke suddenly after stretching. 


100 


Y 


1-42 


6-5 


I8*'l 
157 






88*4 


Broke. 


96 


eg 


1-18 
1-02 


6-5 
6*5 


783 


43.750 


82*1 
79-8 


Broke. 
Unbroken. 


35 


c 


1*50 


6-5 


16*1 


788 


mean 


77*5 


Unbroken. 


— 


— 


0-65 


6-5 


10-0 




• 


73-0 


Broke, local flaw. 















• 
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FOB C0MVEBTIN6 THE STRAINS FBOM LBS. INTO TONS. 



TOHB. 


hBM, 


TOVB. 


Lbs. 


TOVB. 


Lbs. 


Tom. 


Lbs. 


Tomb. 


Lbs. 


Toss. 


Lbs. 


1 

1 


2,240 
2,800 
3;860 
8,920 


17 


38,080 
88,640 
89,200 
89,760 


88 


78,920 
74,480 
75,040 
75,600 


49 


109,760 
110,820 
110,880 
111,440 


65 


145,600 
146,160 
146,720 
147,280 


81 


181,440 
182,000 
182,660 
183.120 


« 


4,480 
^040 
5,600 
6,160 


18 


40,820 
40,880 
41,440 
42,000 


84 


76,160 
76,720 
n,280 
T7,840 


50 


112,000 
112,560 
113,120 
113,680 


66 


147,840 
148,400 
148,960 
149,520 


89 


183,680 
184,240 
184,800 
185,360 




6,720 
7^280 
7,840 
8,400 


19 


42,560 
43,I3« 
43,680 
44,240 


88 


7a 400 
78,960 
79,580 
80,080 


61 


114,240 
114^800 
115,860 
115,920 


67 


150,080 
150,640 
151,300 
151,760 


88 


185,930 
186,480 
187,m0 
187,600 




8,960 
9,530 
10,080 
11,640 


99 


44,800 
45,360 
45,920 
46,480 


86 


80,640 
81,200 
81,760 
82,320 


69 


116,480 
117,040 
117,600 
118,160 


68 


153,820 
152,880 
153,440 
154,000 


84 


188,160 
188,720 
189,280 
189,840 




11,200 
11,760 
12,820 
lS;880 


91 


47,040 
47,600 
48,160 
48,790 


87 


82,880 
83,440 
84,000 
84,560 


68 


118,720 
119,280 
119,840 
120,400 


69 


154,560 
156,120 
155,680 
156,340 


85 


190,400 
190,960 
191.520 
193,080 




13,440 
14,000 
14,560 
15,120 


99 


49,280 
49,840 
50,400 
50,960 


88 


85,130 
85,680 
86,240 
86,800 


64 


120,960 
122,640 


^70 
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APPENDIX. 



Editorial Article in The Engineer, 22nd February/, 1861. 

Strength of Iron. 

"The value of one description of iron, as compared with that of 
another, should, it is to be supposed, depend upon its comparative 
strength. There ai-e cases, it is true, where cast-iron is employed as 
much for its mere weight as anything else, inertia, or the stability of 
ponderosity, being of more consequence than absolute strength. For 
such purposes lead would, of course, be preferable to iron, coulc^ it be 
had at the same prica But in a majority of the applications of iron, 
its own weight is a load, pro tanto, upon its power of resistance, and 
in bridges it is easy to calculate the span at which the structure 
would be destroyed by its own gravity. If, then, there were one in- 
variable standard of cohesive power in all iron, or if it required, let 
us suppose, ten tons to pull asunder one square inch of cast-iron, and 
twenty-five tons to part a similar section of wrought-iron — no matter 
of what make— our whole practice of construction in iron would stand 
in a very different position from what it now does. From the data 
contained in the majority of our engineering books, it might be 
supposed that this uniformity of strength actually existed. Many 
engineers assert that 'there is no great difference in iron,' and their 
practice is apparently conducted upon this assumption. Mr. Robert 
Stephenson assured the Iron Commission of 1848 that there was not 
probably a greater range than five, six, or seven per cent, either way 
from the medium strength of all the irons in this country. The same 
distinguished engineer, however, sent in to the Commission a table of 
experiments made under his authority to determine the iron best 
suited to the construction o£ the High Level Bridge at Newcastle, and 
of the large number of 1-inch square bars tested on 3 feet supports, the 
transverse breaking weight varied all along from 518 lbs. to 1,072 lbs., 
the average being something like 800 lbs. or 850 lbs. Thus, of ninety- 
six specimens, three bore between 500 lbs. and 600 lbs., one between 600 
lbs. and 700 lbs., nineteen from 700 lbs. to 800 lbs., thirty-four from 800 
lbs. to 900 lbs., twenty-eight from 900 lbs. to 1,000 lbs., whilst eleven 
specimens bore more than 1,000 lbs. The Government expeidments, 
completed last year at Woolwich, comprised 850 samples of cast-iron, 
all sent in for a competition which was to determine the best iron for 
ordnance, and in which it is probable that every ono sending samples 
selected such as he believed to be his best. These experiments, as is 

o 
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known, disclosed tensile strengths varying from 9,417 lbs. to 34,279 lbs 
per square inch, the results ranging variously from nearly 14,000 11:& 
under to 11,000 lbs. above the general average. The strongest iron 
was, therefore, 3| times as strong as the weakest iron. Then, again, 
there are Messrs. Napier & Sons' experiments, carried out more than 
a year ago at Glasgow ; of 90 cast and puddled-steel bars, the range of 
tensile strength was from 148,294 lbs. down to 42,564 lbs. per square 
inch. Of 195 wrought-iron bars, the strength varied from 68,848 lbs. to 
44,453 lbs. Eighty steel plates ranged from 108,906 lbs. to 62,435 lbs., 
and 150 iron plates showed a range of tensile strength from 62,544 lbs. 
to 32,450 lbs. Of tliirty samples of Acadian charcoal cast-iron, tested 
in December, 1858, at Woolwich, the tensile strength varied from 
43,928 lbs. down to 15,071 lbs. per square inch, the variation in strength 
being, as in all the other experiments referred to, promiscuous, and 
with no apparent tendency to any general standard. In Lloyd's 
experiments on rivetted iron ship plates, made some time since at 
Woolwich, some of the butt straps opened at a strain of but about 4 
tons per square inch of actual cross-section, and the |-inch plate parted 
generally at from 5 to 10 tons per square inch of solid iron. After 
the fatal explosion of a locomotive boiler, in 1858, at an engineering 
establishment in Manchester, Mr. Fairbaim tested several of the 
plates, one of which broke under a strain of 4| tons per square inch. 

"Those familiar with iron are aware that bars and plates are 
occasionally met with which, upon a blow from a hammer, will bi*eak 
like cast-iron. It is the same with railway bars, some of which can 
harSly be broken under the severest tests, while others are found, now 
and then, to break by their own weight in dropping upon the ground. 
It is but fair to admit that iron of any particular *make,' especially 
if the product of long-established works, is not likely to exhibit the 
wide range of strength indicated in the results to which we have 
referred, but except for special applications, or where very large 
quantities are employed, the iron is generally anonymous, and difficult 
of identification. 

"It is owing to the great range of quality that iron subjected 
to strain cannot generally be trusted beyond from one-fourth to one- 
sixth of its calculated ultimate strength. Engineers will proportion 
bridges which, upon a calculation of strength, will show six times that 
necessary to bear the heaviest load to which they will ever be sub- 
jected in practice, but the calculation is based upon the assumption, 
that the iron is of a certain uniform strength; whereas its strength is 
so variable that, with the supposed excess of metal, one or more 
important members of the structure may be barely able to sustain 
themselves under continued strain. Ko piece of iron can be said to 
have a certain strength until that strength has been ascertained by 
trial, and the trial must be such as to destroy the iron. It is thus 
that failures of bridges, boiler explosions, fractures of chain-cables, 
&c., prove iron to have had, perhaps, but one-third or one-sixth the 
strength at which it had been estimated. Such disasters do not prob- 
ably exceed in number one or two per cent, of all the applications of 
iron in which they occur, — not more than one or two boilers exploding 
out of every hundred made and set to work. A moderate observa- 
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tion, however, of the variable nature of iron will show, we think, that 
of every hundred samples, one or two are below the safe limits of 
strength, whilst, to all appearance, they may be as strong as the best. 
These facts point to the necessity of the utmost care in the selection 
of iron for every application in which unquestionable strength is indis- 
pensable, and this selection can be only partially fulfilled even by 
regarding manufacturera' brands. More frequent actual tests of iron, 
involving the destruction of at least one of every hundred separate 
pieces to be put in use, are necessary. With tliese tests, and taking 
into account the value of the iron after having been broken, a saving 
considerably gi'eater than the whole cost of trial might doubtless be 
made by slightly lowering the multiple of strength to the standard 
which such trials would finally establish, our constructions in iron 
being, even then, demonstrably safer than they now are when the 
actual strength of the materials used is so variable." 



B. 

Extracts prom Letters of "Amicus" to The Times of 
1st November cmd ^th December, 1859, 

In Reference to Uie Loss of the " RoyaZ Charter" 

"It would seem to commend itself to the common sense of every 
man that in building an ii'on sailing or steam-ship, which is to 
be subjected to all the strains and bufietings of tempest-tossed seas, 
which will be freighted with hundreds of human beings and the most 
precious cargoes, and which must run the risks of collisions and strand- 
ings, none other than the very best and strongest materials should be 
employed. The toughest iron, the best seasoned spars, and the stoutest 
planks and ropes should alone find places in such a ventura But in 
our ordinary everyday practice is this the case? Is not any kind 
of iron thought good enough to build a ship with ? What is the 
meaning of *boat plates' being the lowest priced in any ironmaker's 
list 1 K we pay £25 or ^30 a-ton for the plates of which a locomotive 
boiler is made, why should we give only £8 10s. or £9 per ton for 
those of which a ship is built ? If safety can only be bought at the 
high price in one case, are wcLUot courting disaster with the low price 
in the other? Who will draw the fine line of distinction in moral 
responsibility between the directors of a i-ailway company who should 
take your fare, place you in a comfortable first-class carriage, and 
drive you at forty miles an hour over a viaduct which was miserably 
insecure, and the owners of vessels who send passengers to sea in ships 
sheathed with plates which are as brittle as glass ? The only answer 
to this question in the way of excuse is, I fear, that most men are 
really and truly ignorant of the facts. In the eyes of the merchant of 
London or Liverpool who orders the building of a ship, iron is iron. 
He probably does not know that in this material there are as many 
shades of quality as there arc in the wines or fruits which all bear 
one common name; and yet I am within mark when I say that he 
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mighty by paying £2 or £3 per ton increased price upon the plates 
forming the outward sheathing of his ship^ immensely increase the 
vessel's strength and durability. 

"With good well-worked plates, where the fibre of the iron is 
ductile and tenacious, and where these plates are well and judiciously 
fastened together, no vessel, even if wrecked in such a gale as that of 
last Tuesday, would break to pieces so suddenly and so utterly as the 
* Royal Charter' seems to have done. 

"But built of the *boat plates' of the present day, God help the 
human freight of the ship that strikes upon a rocky shoi*e ! 

"I would therefore advise shipowners, when contracting for new 
vessels, instead of being satisfied with a specification which pro- 
vides good ordinary * boat plates ' to be used, and which are, in fact, 
about the most rubbishing quality of iron which is made, to insist that 
the sheathing should all be of the best or double-worked quality. In 
a vessel of 1,000 tons it would not increase the cost £500, and the 
value is gained in the greater strength and durability of the ship, to 
say nothing of the lives it may possibly save. 

"Further, I would caution all well-disposed shipowners to look 
with great suspicion upon the cheap offers which are constantly laid 
before them as temptations to order ships. To any one conversant 
with a ship's value, what other construction o^ be put upon a con- 
tract for a vessel of 1,000 tons, with the most expensive outfit, for £13. 
or £13 10s., or even £14 per ton measurement, ready for sea, than 
that the builder means to employ bad materials and scamp his work ? 
He begins upon such an order with a determination either to cheat his 
customer or cheat his creditors." 

******** 

" Upon the evidence brought before the two tribunals* the decisions 
could not have been different. But if that evidence had been made 
more comprehensive ; if the captain or others in authority had been 
saved to tell us of the ship's behaviour in heavy weather; if we had had 
more general and extensive tests of the strength of the i^ip's material; 
if some calculations had been furnished of her strength, considering her 
hull as a beam supported in the middle and unsupported at its ends, 
which must have been very nearly the ship's position when she parted 
amidships ; and if we had been informed whether the plates used in her 
construction were really 'boat plates,' or 'best plates,' a/nd where they 
had been nuxde, the public would have been inclined to attach greater 
importance to the conclusions arrived at. If I may be permitted the 
paradox, iron is not always iron. It is sometimes rubbish, and in this 
category I would unhesitatingly place all 'boat plates.* It is not that 
even in these inferior plates pieces may not be found which shall come 
up to and even surpass Mr. Fairbairn's standard of the average tenacity 
of good Staffordshire plate; but, being made chiefly from cinder iron, 
it is their inequality and unc&rtainty which is most to be dreaded. 
The strength of the whole is that of tiie weakest part, and when I tell 
you that out of the same 'boat plate,' or iron of that quality, two 
pieces have been taken, one of which sustained 22 tons to the square 

* Coroner's Inquest and Board of Trade Inquiry. 
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inch of section, while the other failed at 5 tons, I have said enough to 
show why this dangerous material should be at once discarded in 
building ships, and the price of ^ best plates * be paid to insure the 
exclusion of cinder iron from their manufacture. Boat plates are 
shams. They are got up to deceive by appearances. Smooth and 
well-looking on the surface, the source of mischief lies hidden under- 
neath — ^rotten at the core, like the grub-eaten fruit whose tempting 
skin conceals the tiny hole by which the insect has entered. But this 
iron is a curse as well as a deception, for while you may be angered at 
the Yankee who has sold you wooden nutmegs, or the grocer who 
sands his sugar, or the petty swindler who sells you 100 yards of 
sewing cotton * warranted * 200, I know no words strong enough to 
condemn the practice of makers and buyer's alike, who, in structures 
where the safety of life and limb is at stake, will willingly and know- 
ingly, and for gain's sake alone, imperil the existence of their fellow 
creatures." 



C. 

Extract from a Paper read before the Scottish Shipbuilders' 
Association, 4:th February/, 1861, by J. G. Lawrie, Esq. 

On Lloyd^B Rvleafor Iron Ships and thdr Improvement, 

" There is no doubt of the superior toughness and tenacity of Low- 
moor iron; and the advantage of using it in the construction of ships 
is obviously much greater than the relative superior tensile strength 
which it possesses over ship iron. A ship placed, for example, in the 
positions shown in the diagrams (for which see paper), receiving a blow 
fi-om a sea on the exposed part of the side, sustains a tremulous or 
vibratory shock, for which the toughness and tenacity of Lowmoor iron 
is admirably adapted. Experiments have not been made to ascertain 
the exact superiority of Lowmoor iron for such work; but if it be 
assumed to be twice as strong as ordinary ship iron, it can be shown that 
the quantity of material in the fi*ames, floors, beams, &c., would be re- 
duced 50 per cent., and in the skin plates, stringers, &c., 30 per cent. 
With a material three times as strong as ship iron, which the manu- 
facturers of steel state it to be, the weight of the frames, floors, and 
beams is reduced ^^ per cent., and the skin plates, stringers, &c., 42 
per cent. With this reduced weight in the hull of a ship the displace- 
ment is reduced ; and if the speed is to be retained at the same rate, 
the power of the engines and weight of coal carried is reduced, which 
involves a further reduction in the displacement, and that again a 
further diminution of power. So that reducing the weight of the hull 
by the use of improved material involves a reduction in the weight of 
the engines, coal, &c., and a reduction in the displacement of the ship, 
due both to the diminution in the weight of the ship and to the 
diminution in the power of the engine; or if the weight of the cargo 
and speed be retained of the same amount, the use of improved mate- 
rial permits a reduction in the size of the ship, to perform the same 
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strong, practically, as a good job of boiler-work. This standard of 
strength is not too high when the consequences of weakness are. 
considered. 

" The inferior quality of the iron commonly employed is notorious. 
It is at least so notorious that Lloyd's Committee, in making their 
experiments, in 1857, on the strength of rivetted joints, purposely 
employed plates of a quality ^much below the standard assigned for 
the test of iron,' but supposed to be of the average quality used in 
shipbuilding. Some of the iron broke under a strain of five tons per 
square inch of actual cross-section, and the average was hardly above 
ten tons. Subsequently to the meeting of the Institution of Naval 
Architects, whose proceedings had an unmistakable influence at 
Lloyd's, the latter body added a requirement in their famous 'rules,' 
to the effect that all plate, beam, and angle-iron in ships intended for 
classification should be stamped with the maker's name and address 
on both sides. This is one point gained in behalf of safety, although, 
practically, it may not amount to a very great deal. 

" But there is an extraordinary fact, upon which we are not sure 
whether even Mr. Fairbaim, who has given us so many sermons upon 
plate-iron work, has directed attention. Whilst Lloyd's experiments 
were made oij plates only | inch thick, it is necessary, in order to pro- 
cure a 12 years' classification of a 3,000 ton ship to use iron 1^ inch 
thick in the garboard streaks, and yet experiments have been made 
which appear to show that a rivetted joint of even ^-inch iron is abso- 
lutely weaker than one in f -inch plate. Mr. Bertram's experiments, 
made some time back at Woolwich, showed that whilst a single- 
11 vetted seam in a certain width of |-inch plate required a strain of 18 
tons to fracture it, a seam of the same kind and width, but in ^-inch 
iron, was torn open at 16 tons! The general deduction was, that 
whilst in |-inch plate a single rivetted joint had 60 per cent, of the full 
strength of the solid plate, one in ^^-inch iron had but 50 per cent., 
and one in J-inch plate but 40 per cent, of the strength of the original 
solid plate, a joint in ^-inch plate being but two-thirds as strong in 
proportion to its thickness, and actually weaker irrespective of thick- 
ness than in a plate only one-fourth thinner! In Lloyd's experiments, 
furthermore, when butt straps were employed to connect the plates at 
the joints experimented upon, it was found that straps cut fix)m f -inch 
plate, or bar-iron of that thickness, were pi-actically no stronger than 
f-inch iron similarly used. That is, the plates (not the plates ixom 
which the straps were cut) being uniformly | inch thick, it was found 
that when |-inch butt straps were used the fracture occurred as often 
through the strap as in the plate. Every worker in iron is aware 
that thick plate is relatively weaker than thin, but the proportion 
disclosed in these experiments is startling. Very few of the f-inch 
butt straps withstood more than 7 tons per square inch of actual solid 
section. 
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Extract prom Editorial Article ik The Engineer^ 
^th Jfdy, 1862. 

Notes oj the Week. 

" One year ago to-day the boiler of an express engine on the Lon- 
don and North- Western Railway burst while running with the Irish 
mail train near Rugby. To-day a suit is going on at Guildhall to 
recover damages from the company, in &,vour of one of the passengers 
who is now paralyzed in consequence of injuries received on the 
occasion of the accident. The engine was made by Sharp, Stewart, 
and Co., and commenced running in October, 1851. It had run nine 
years and eight months up to the time of the explosion, and had 
attained a mileage of 336,368 miles. It was worked, up to the date 
of the explosion, at 120 lbs. per square inch, and actually exploded at 
115 lbs. The boiler during the* whole period of service had been 
internally examined but once, viz., in October, 1857, when a new set 
of tubes was put in. It was one of a large class, for a 16-inch 
cylinder engine, with 22-inch stroke and 7-feet driving wheels. The 
&:ebox contained the large extent of 142 square feet of surface, and 
the tubes had an external sui'face of 1,152 square feet Yet this 
boiler, which was 4 feet If inch in internal diameter, was made of 
|-inch Lowmoor plates, with single-rivetted joints. Mr. Fenton, the 
engineer of the Lowmoor Iron Company, found the strength of some 
of the plates, forming fragments of the exploded boiler, to be 22 tons, 
or 49,280 lbs. per square inch. Supposing this to have been the 
strength of the plates when new, the bursting strength of the boiler 
was only 412 Iba per square inch; and even if, as has been stated, 
the original strength of the plates was 51,000 lbs., the bursting 
strength would be but 437 lbs. per square inch. This is assuming, 
what experiment and the best authorities show, that the strength of 
a single-rivetted seam is 56 per cent, that of the solid plate, 40 per 
cent, of the solid iron being actually punched out with ^^inch rivet 
holes. If inch from centre to centre, the remaining iron being 
somewhat injured, moi-eover, by the (^ration of punching. But 412 
lbs. would be the bursting strength under hydrostatic pressure, and 
steam pressure, to the same extent, is believed to be even more 
trying, in consequence of the heat and the jolts to which the engine 
is subjected when running. The real factor of safety was probably 
not much over 3, certainly not over 3^. The engine, moreover, had, 
in less than ten years, done nearly seventeen years' work. For the 
last three years and eight* months of its life it had run continuously 
at the rate of 38,000 miles a-year, without any attempt at internal 
examination ! Need we wonder that the barrel of the boiler, after 
explosion, was found to have been furrowed by corrosion for a total 
length of nearly 8 feet along the seams of rivets, and in some places 
to the thickness of only one-sixteenth of an inch ? Originally weak, 
and now over- worked, what are we to expect of other boilers of the 
same class ? Our leading makers are now using ^-inch or ^-inch 
plates, with thickened edges and double-rivetted seams, for large 
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locomotive boilers, and with these, and the present high pressures, 
the factor of safety is under 5. Until we adopt steel boilers with 
welded joints it will be next to impossible to make and safely work 
locomotive boilers a single inch larger than those now in use." 



Editorial Article in The Engineer, 
Wth July, 1862. 

The Hyd/raulic Test for Boilers, 

" In the course of a recent legal inquiry at Gruildhall, a few engineers, 
practised in locomotive mending, expressed strong opinions against 
testing boilers by hydrostatic pressure. A boiler had exploded on 
the London and North-Western Railway, and Mr. M'Connell, late 
locomotive superintendent of that line, and who, if anybody was 
officially responsible for the disaster, was allowed to appear as a 
witness, and give evidence that it was imprudent to test the strength 
of boilers. • Mr. M*Connell, too, had not a single fiact to adduce in 
proof of the impropriety he sought to establish. He never tested his 
boilers — ^had never even seen a boiler tested — but left them to blow 
up whenever their untested barrels became sufficiently weakened by 
corrosion. Mr. Gooch, too, a gentleman who has for many years had 
the mending of the Great- Western engines, thought it injudicious to 
subject boilers to the hydraulic pump, although he could not say 
exactly why, except that that was his opinion. Mr. Kirtley of the 
Midland, and some one else, whose name we forget, was of much the 
same mind. These witnesses, or some of them, affected the greatest 
ignorance of the fact that the hydraulic test was regularly employed on 
other lines, where, possibly, in consequence of the test, boilers do not 
explode, and whereby the shareholders are not subjected to costly suits 
growing out of explosions. Thus, on the Eastern Counties, the South- 
Eastem, the Lancashire and Yorkshire, the Newcastle and Carlisle, 
the North British, the Caledonian, the Edinburgh and Glasgow, and 
other lines, both new and old boilers are regularly tested up to twice 
their working pressure. In France all wrought-iron steam boilers of 
whatever description must, by law, be tested by the hydraulic pump 
up to three times their working pressure, cast-iron boilers being 
tested up to ^\q times their working pressure. In America all 
Government boilers must bear a hydraulic pressure two-thirds greater 
than that at which they are intended to work, and a similar test is 
now enforced, by the police of New York, upon upwards of 3,000 
steam boilers at work in that city. Mr. Fletcher, the engineer to the 
Manchester Association for the Prevention of Steam Boiler Ex- 
plosions, and who has occasion to examine more boilers, perhaps, than 
any other man living, applies and strongly recommends the hydraulic 
test, and so does Mr. Longridge, the engineer to the Steam Boiler 
Assurance Company. Many of the agricultural engine makers test 
their boilers also in the same manner. 
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"Now, does this test injure a boiler, and if not, is it a useful test ? 
Let us see. According to the best authorities the elasticity of iron, 
and, therefore, iron itself, is permanently injured by a strain some- 
where between one-third and one-half its breaking strength. If a 
locomotive boiler, the bursting strength of which is, as it should be, 
800 lbs. per square inch, be tested with the force pump to 400 lbs., 
the chances are that the iron will be injured. If it be tested to 250 
lbs. abundant experiment goes to show that no harm will be done, 
and the boiler will remain safe, to all intents and purposes, under a 
steam pressure of 125 lbs. per square inch. But we cannot know, 
until we have actually burst open a boiler, what its ultimate strength 
really is. The boiler to which, upon a general faith in the maker's 
stamp on the plates, and in the style of rivetting, we may assign a 
probable strength equal to 800 lbs. on the squai-e inch, may contain a 
hidden flaw, or — as did the new boiler which burst four years ago in 
Messrs. Sharp, Stewart, & Co.'s workshops — a rotten plate with a 
strength of but 4| tons per square inch, and the bursting strength 
may be but 150 lbs. or 200 lbs. In this case a hydrostatic pres- 
sure of 250 lbs. would search out and proclaim the defect at once. 
But if the flaw were such that the bursting pressure was, say, 400 
lbs., then it is probable that a test of 250 lbs. would, while failing 
to disclose weakness, actually injure the boiler, and possibly lead 
to explosion. The boiler, the bursting of which led to the suit 
already mentioned, had an ultimate strength of somewhere about 
425 lbs. only per square inch. That is to say, it was 49| inches 
in internal diameter, and it was made of f-inch plates single 
rivetted. * The original strength of the plates may be taken as 51,000 
lbs. per square inch, so that, for each inch in length of the boiler, the 
full strength of the f square inch of sectional area of iron plate, 
weakened to the extent of 44 per cent, at the single-rivetted joints, 
would be 21,420 lbs., and as the pressure would be exerted diametri- 
cally across the boiler upon a line of 49| inches, the quotient would 
be 430^ lbs. per square inch, which would be the extreme bursting 
strength of the barrel That such a boiler would have been fatally 
injured (although, perhaps, not actually broken open) under the 
French hydraulic test of three times the working pressure, or 360 
lbs., there can be no doubt whatever. A test of 250 lbs. would prob- 
ably have been dangerous, not of course while making the test, 
which, even if it tear open the boiler, can do so only quietly, but 
dangerous on account of the injury which it would probably do to the 
iron, thereby predisposing to explosion afterwards. Yet we shall 
show that this does not support Messrs. Gooch's, M^Connell's, and 
Kirtley's opinions as to the impropriety of the hydraulic test; for iron 
is only injured by injuring its elasticity, and its elasticity is injured 
only when it shows, after being strained, permanent elongation of the 
fibres. Thus a boiler, the bursting strength of which was 430^ lbs., 
would unquestionably be found to have had its diameter slightly 
but permanently increased under a strain of 360 lbs., and in all 
probability under a strain of 250 lbs. So fiir as we are aware, the 
practice of measuring the diameter of boilers, under successive incre- 
ments of strain, has never been initiated. Yet why should it not be 
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b^^n f Take the exact diameter of the largest ring of a boiler when 
the interior is charged with cold water to a preseure of 100 lbs., 
measure it again with the pressure increased successively to 150 lbs., 
200 lbs., 250 Iba, and so on possibly to 300 lbs. Then ease off the 
pressure, and note how much, if at cdl, the iron has been permanently 
stretched. K, at 100 Iba pressure, or when entirely free from strain, 
the diameter is exactly what it was before the test, the boiler is safe 
with any ordinary load on the safety valvea If permanently enlarged 
to any considerable extent, the boiler needs immediate strengthening. 
To say that boilers, upon the soundness of which so much depends, 
should not be tested at all, does little credit either to the skill or 
astuteness of men like Messrs. Groooh, M^Connell, and Kirtley. Iron, 
in any shape upon which we may have occasion to depend, should 
always be tested. No engineer would think of permitting an iron 
bridge to be opened until it had been loaded with the greatest weight 
which could ever come upon it in the way of traffia The engineer, 
however, does not rest satisfied with the mere discovery that his 
bridge is not broken down under the test, but he cai*efully notes the 
deflection of his arches or girders, and observes whether they take a 
permanent set, and if so, how much. The safety of the bridge is 
inferred, not so much from the fact that it has survived the ordeal 
of a load of locomotives, or of pig-iron, or ballast, but from the amount 
and character of its deflection. Every chain cable received into the 
royal navy is tested, and the action and effects of the test strain are 
exieictly analogous to those of the hydraulic test for boilers. And just 
as in the case of a cable which suffers no permanent elongation under 
strain, we may conclude that a boiler which is not permanently dis- 
tended by the hydraulic test is in no respect injured by it. This 
point being settled, it requires but little consideration to perceive that 
the test by the force pump must be a useful one. Indeed, to our mind, 
it is indispensable to anything like security. It may be safely, cheaply, 
and expeditiously applied — ^the oftener the better — and as long as the 
boiler, upon careful measurement before and after the test, shows no 
permanent distension, there is no fear of its bursting from weakness, 
original or produced. But without a pair of callipers large enough 
to take in the boiler, and without careful observation during and 
after the application of hydrostatic pressure, we should fear it might 
injure the boiler. The disclosures in the case of the exploded boiler of 
the London and North- Western engine have convinced us that there 
are many so-called 'first-class' engines which could not safely be 
submitted to any test much beyond their ordinary working pressure, 
and we must suppose that Messrs. Gooch, M'Oonnell, and Kirtley, 
who can hardly be ignorant of this fact, make it the sole ground of 
their objection to the hydraulic test." 
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G. 

Extract from Paper read before Section G. of the British 
Association, Sept. 1861, by Wiluam Fairbairn, LL.D., F.RS. 

On Oie Effects of Vibratory Action. and long-continued Changes of Load 
upon Wrought-Iron Bridges and Girders, 

" It is upwards of fifteen years since a series of experiments were 
made to determine the value of wrought-iron rivetted plates in the 
form of rectangular tubes, when employed as girders spanning rivers 
and ravines for the support of roads and railways. Those experiments 
led to the erection of the Conway and Britannia Bridges on the 
Chester and Holyhead Railway, and determined the form in which 
such structures should be designed, as also the strength necessary to 
resist the strain of the passing loads. A new theory of construction 
was thus developed, and a new era established in the history of 
bridges. Since that time some thousands of bridges, composed entirely 
of wrought-iron plates, have been erected, supporting roads and rail- 
ways with a degree of safety not attainable with any other description 
gf material. 

" The construction of the Britannia and Conway Bridges of the 
tubular form led to the introduction of tubular girder, plate, and 
various forms of lattice bridges, all founded on the same principle. 

" The tubular bridges were originally designed so that their ultimate 
strength should be six times the greatest rolling load which could be 
placed upon them, after deducting the weight of the tube. This was 
considered a fair mai'gin of strength, but subsequent considerations 
have induced in many cases an increase of this margin of resistance to 
five or six times the maximum rolling load and permanent load taken 
together. 

" Owing to the great success in the first examples of wrought-iron 
bridges, a great demand for them arose in every direction, and 
numbers were made without any regard to principle, or the laws of 
proportion so clearly and satisfectorily developed in the Millwall 
experiments. The result of this was the erection of many weak 
bridges, so disproportioned as to be at the point of breaking with little 
more than double their own weight This, together with the bad 
system of contractors tendering by weight, and the employment in 
some cases of bad iron and bad workmanship, have brought discredit 
upon the margin of sti'ength at first considered sufficient. No con- 
struction requires greater care, or a more minute attention to sound 
principles of construction, than wrought-iron girders. The lives of the 
public depend on the knowledge and skill of the engineer, and the 
fidelity of himself and the contractors in the selection of the material. 
"The defective and abortive structures which followed the first 
successful application of wrought-iron led to doubts and fears on the 
part of some engineers, who contended for a margin of eight or even 
ten times the heaviest load, whilst others considered a much smaller 
surplus of strength sufficient In the evidence given before the Com- 
mission on Bail way Structures in 1848-9, this variety of opinion was 
fully shown. Mr. Brunei allowed the maximum load to be one-third 
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to two-fifths of the breaking weight Mr. Grizzel and Mr. May con- 
sidered one-third sufficient; Mr. Easbrick, Mr. Barlow, and others 
adopted one-sixth; Mr. Hawshaw, one-seventh; and Mr. Glynn, 
one-tenth. Ultimately the authorities at Whitehall appear to have 
decided, but upon what data is uncertain, that the maximum tensile 
strain on any part of a wrought-iron structure, arising from the per- 
manent load and the greatest rolling load together, should not exceed 
five tons per square inch. This corresponds with a strength of at least 
four times the rolling load and the permanent load taken together. 

" This requirement of five tons per square inch on the part of the 
Board of Trade appears to be founded on no fixed principle, and is far 
from satisfactory. It is well known that the powers of resistance to 
strain of wrought-iron depend very much upon the form in which it is 
combined, and, unless the proportion of the parts are permanently 
established, the five ton tensile strain may lead to error." 



H. 

Extract from Editorial Article in The Engineer, 
23rc? December, 1859. 

On Railway Bridges, 

" Twenty tons per square inch is believed to be about the average 
breaking weight of the ordinary qualities of wrought-iron; and by 
common consent among the majority of engineers, five tons per square 
inch is considered as the maximum strain to which the material of any 
structure like a wrought-iron bridge should be subjected. Unless there 
has been a very general misunderstanding upon this matter, the max- 
imum strain of five tons per square inch should include both the strain 
produced by the weight of the structure itself and that produced by 
the greatest moving load. When an authority like Mr. Fairbaim, for 
example, tells us that the strength of a given bridge is six times the 
maximum load, his statement is generally taken to mean that the 
maximum strain upon the material of the bridge is but one-sixth of its 
ultimate strength. This appears to be a very liberal margin of strength, 
and quite enough to satisfy the most exacting Inspectewr of the P<mt8 et 
Chavssees. If, however, from the total breaking weight of the bridge, 
the weight of the structure itself be deducted, and the sti'ength then 
inferred by comparing the remainder of the ultimate strength with the 
moving load only, the apparent margin of safety, although it may 
appear very wide, may be, nevertheless, very narrow. Mr. Fairbaim 
has calculated that, at a span of between 1,800 feet and 2,000 feet, an 
iron tubular bridge would be barely capable of sustaining its own 
weight, and hence it could carry no weight whatever. If the weight 
of a bridge be equal to one-third of its breaking load, an additional 
moving load equal to one-half the weight of the structure would in- 
crease the strain upon the material to one-half of the total strength, 
although the strength of the bridge, beyond supporting its own weight, 
would be four, times the moving load." 
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J. 

Extracts from Editorial Articles in The Practical Meckunic's 
Journal, Ist May and Ist June, 1862. 

The Annealing Temperatures of Metals and Crystallization prodv^ced by 

Vibration, 

"In the second portion of this paper (part for February, 1862) we 
have pointed out, with sufficient examples, the state of hopeless con- 
fusion in which the notions of our so-called ^practical men' remain to 
the present time, in all that refers to the crystalline aggregation of 
metals, and the circumstances assumed to modify it; and we have 
given a number of instances of metallic bodies, subjected for years to 
countless millions of vibrations, in proof of the fallacy of the popular 
opinion that vibration, per se, if long continued, and without any 
qualification as to range or extent, has any power to alter the internal 
arrangement of metals, or to make them brittle, or reduce their ulti- 
mate cohesion, and make them untrustworthy in use. So late as since 
our last part of this paper was printed, Ths Times, in one of its articles 
upon the Hartley Colliery b€»m, gives currency to just the old and 
average misty trash on the subject, and bases its objections to the 
beam having been of cast-iron in place of wrought upon a supposed 
^well-known fact' that the former becomes gradually brittle in use, 
owing to vibration, as though, if such were true for cast-iron, it must 
not also be true, pro tanto, for wrought-iron. The importance of 
endeavouring to promulgate some clear and true notions on this sub- 
ject amongst civil and mechanical engineers, and ultimately amongst 
the public at large, has in nowise diminished. 

"We therefore propose to describe here, as completely as our limits 
admit — 

"Ist The molecular constitution of metallic bodies as being crys- 
talline. 
"2d. The circumstances that determine the arrangement of the 
crystals in metallic masses in the ordinary process of working 
them, more especially in iron in its several states. 
"3d. The circumstances and their limitations that are capable of 
modifying the crystalline arrangement (and with these, of 
course, the physical properties, such as cohesion, toughness, 
&c.) of metallic masses in use, — i. e., exposed to various strains, 
blows, vibrations, &c., &c." 

"So much for the crystalline system of aggregation of cast-iron. 
Let us now proceed to urrou^ght-iron, under the guidance of the same 
fundamental law. When wrought-iron, in any of the usual forms of 
its manufa^jture, is fractured, its molecular structure presents itself, 
more or less distinctly pronounced, in one or other of three forms, or 
reducible to their mixture. 

" 1st. The mass consists of minute crystals of nearly uniform size, 
whose facets present themselves at all possible angles, like that of 
refined sugar. This saccaroid structure usually belongs to highly 
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refined iron and hard steely ones. Swedish Icbrge bars and Lowmoor 
iron are examples. 

"2d, The fracture consists of lai^e^ sometimes veiy large, lamellar 
spangles or plates, facets of crystalline cleavage, whose planes or 
directions tend to general coincidence with that of fracture. The 
number, size, and direction of these facets are found to vary in the 
same mass with the direction in which it is fractured. In all very 
large and heavy masses, such as great forgings, these planes of crys- 
tallization tend towards a general perpendicularity to the surfaces of 
external contour : i. &, they cure, upon the whole, fownd coincident in 
direction with the lines in which the hea/vy hcmimer strokes have been 
delivered upon the swr/aoes of ike mass, 

" 3d. The fracture (hard to produce, owing to the greater flexibility 
of the iron than in either of the preceding cases) presents long parallel 
fibre, or bacillary crystals running in the direction of the longest 
dimensions (the length) of the bar. 

" This is the structure of the best rivet iron, &c., wire, &c. ; it is only 
completely developed in small bars, best in small round ones. Large 
ix)lled bars present it mixed with the second form above, or vm/perfecUy 
developed ; and in very large masses it is never found developed at alL" 

"It is amd must for ever remain impossibW^ [I] "to produce a 
regular mass of,wrought-iron of large size by any process of manu- 
facture whatever — hammering or rolling, that, after it has become cold, 
shall present an uniform fibrous texture, parallel with its longest, or 
with any one of its dimensions. 

" We must, for brevity, again illustrate by examples, — 1st. It is a 
fact that such changes of structure can take place at oi'dinary tem- 
peratures. The common process of wire-drawing is a proof of this. 
The slab or bar of iron from which a piece of fine piano iron wire is 
about to be drawn — when broken through cold, will be found probably 
to have a fine sacca/roid fracture— it has no fibre wha>tever** [!] — "it is 
pulled again and again through the draw place — ^the latter exercises an 
enormous grip upon its circumference, and an enormous presswre 
Prwnsverse to Ike aocis of the cylinder, ihe crystals arrange themselves 
normal to this, t. &, in the lengthway of the wire, and as the latter 
elongates, they elongate with it. The iron has now become fibrous, 
that is, all its crystals have their principal axes — ^the axes of greatest 
elasticity, parallel with each other and with the length of the wire; 
and its elastic resistance to tension on the unit of section has risen 
from say 30 tons per square inch of the original bar to 90 or 100 
tons in the wire — the change has all taken place cold. So also, 
if after the round rod of hot-rolled rivet iron has got cold, it be now 
subjected to the further process of coldr^oUing, or of wvre-dra/umig, 
(for they are both in result the same) its elastic resistance will be 
found greatly increased. For this there ai*e more causes than one 
operative, however, but into which we cannot now enter. Suffice it to 
observe, that these changes are produced cold, or at ordinary tem- 
peratures; but what is there wonderful in this, if the change red-hot 
be once understood?" 
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K. 

Extract from Inaugural Address to the Institution op Civil 

Engineers, delivered lith January^ 1862, 

BY John Hawkshaw, Esq., F.K.S. 

" The use of iron is .extending on every side. Its manufacture 
is also, I am glad to say, improving. There was great room for its 
improvement. Several processes for converting it largely into steel, or 
into a metal approaching steel in character, are also now in use, and 
promise to afford kn article at a moderate price double the strength of 
ordinary iron. These discoveries will tend still further to extend the 
use of iron. Should it turn out that steel, or homogeneous iron, as it 
is sometimes termed, uniform in quality, and of double the strength of 
ordinary iron, cian be manufactured in large quantities at a moderate 
price, and can be easily manipulated, then many things that are now 
with difficulty accomplished will be greatly facilitated, and some things 
which cannot be done at all will be rendered practicable. Biidges of 
greater span could be constructed. Screw-shafts, crank-axles, and 
other parts of steam engines, at present of unwieldy size, would, by its 
use, be reduced to more moderate dimensions. There seems to be no 
limit to the size of guns, except that of the strength of the material, 
and the power of welding, forging, and handling them. Cannon, as 
we know, have already been greatly increased in power by adopting a 
superior material in their construction. Could we hit upon an inex- 
pensive mode of doubling the strength of iron, the advantages to 
all sorts of machinery might be equal to those that would flow fiK)m 
the discovery of a new metal more valuable than iron has hitherto 
been. 

"We are, I believe, in the infancy only of discoveries in the im- 
provement of the manufacture of steel and iron. Until lately the nature 
of the demand for iron rather retarded than encouraged improvements in 
its manu&cture. Kailways consumed iron in vast quantities, andrailway 
companies cared nothing about quality. They were driven to seek a 
tolerably good material for engine and carriage tyres \ but as it respected 
the vast consumption in the shape of rails, they were implicitly guided 
by the lowest prices. As long as this system continued, it suited the 
ironmaster to manufacture a cheap article in large quantities, and they 
therefore gave themselves no concern to establish a better state of 
things. But heavy engines, high speeds, and an enlarged traffic, are 
'gradually working a change. We are beginning to find that iron of 
the very best quality has hardly endurance enough for rails or locomo- 
tive tyres; that there is no economy in putting down i^ails which 
require taking up again in a year or two; and, in short, that the 
increased strains arising from the accelerated motion of railways, steam- 
boats, and machineiy generally, are necessitating a better material. 

"In maiine steam engines, which have received much attention, 
and where great attempts have been made at perfection, paddle-shafts, 
crank-axles, screws, and other portions have, as before intimated, 
already attained an unwieldy size, and the vis inertia and weight of 
such masses of metal are of themselves no slight impediment to the 

p 
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improvement of steam navigation, and would be greatly obviated by 
the use of a stronger material. 

" Fortunately for this country, just at the time that the use of iron 
is extending, and impix)vements in its manufacture are developing, fresh 
discoveries are made of the raw material, and men seem to stumble, as 
it were by accident, on new fields of iron ore in places where those 
mineral riches have lain dormant for centuries, to await a new era and 
another age, when ships, like knights of old, are to go forth to battle 
in complete armour, and when the civil engineer has assumed the 
duties which devolved on the smith and armourer of former times." 



Editorial Article in The Engineer, 2nd May, 1862. 

Iron and Steel in the Exhibition, 

" Upwards of 4,000 tons of castings, supplied by Mr. Barrow, of the 
Stavely Iron Works, in Derbyshire, besides 1,200 tons of wrought-iron 
supplied by the Thames Iron Works, were employed in the construction 
of iJie building of the International Exhibition. Without noting these 
quantities as part of the exhibition of iron and steel, we will confine 
ourselves to the display made in the various classes. 

" Messrs. Schneider, Hannay, and Co., the eminent ironmasters, of 
Barrow, in North Lancashire, sent a model of their extensive hematite 
iron works, with which representation might be commenced the exam- 
ination of the whole process of converting the crude ore into iron and 
steeL We can hardly do more, however, than note a portion of the 
objects actually exhibited under these heads. 

" Perhaps the largest contribution from an English ironmaster, or 
firm of ironmasters, is that by the Butterley Company, near Alfreton, 
in Derbyshire. They exhibit, in Class 1, Section 1, the following speci- 
mens: — A solid wrought-iron deck beam, 16 inch, deep, flanges, 6^ 
inch, wide, thickness, ^ inch, and having solid knees formed whole with 
the beam. This is one of a lot for the new iron-plated frigate 
* Achilles.' A rafter bar, rolled with four flanges, and made to the 
order of Messi*s. Cubitt & Co., for the roofs of the new buildings in 
Kew Gardens. A solid wrought-iron engine beam, a single slab 31 feet 
6 incL long, 7 feet deep in the centre, 2| incL thick, containing 163 
superficial feet on each side, and weighing 7 tons. An armour-plate, 
cut to size, viz., 14 feet long, 5 feet wide, 4^ inch, thick, and weighing 
6 tons. A wrought-iron boiler-plate, 12 feet 9 inch, long, 7 feet 6 
inch, wide, and 1^ inch thick. A sample, 7 feet 3 inch, long, of a 
patent solid wrought-iron main girder, 3 feet deep, with flanges 12 
inch. wide. Girders of the same section can be made 60 feet long if 
required, the upper and lower halves of the girder being rolled separ- 
ately, and afterwards welded by Mr. W. Bertram's process. A sample, 
4 feet long, is also given of a solid wrought-iron girder, 2 feet 6 inch, 
deep, and having flanges 12 inch, wide; also of a like girder, 21 inch, 
deep, with 6i-inch flanges, and ^ inch thick. Also of like girders 9 
inch, deep, with 6^-inch flanges, and ^-inch thick, cut down to length 
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permitted by Commissioners of the Exhibition, viz., 14 feet. Also 
rolled girders, 14 feet long, 10 inch, deep, and 4^-inch flanges; also a 
patent solid wrought-iron girder, 14 feet long, 12 inch, deep, and 6|- 
inch flanges. The exhibitors were limited by the Commissioners to a 
length of 14 feet, although many of the sections could be produced of 
any length, and the armour-plate originally intended for exhibition 
was 24 feet long, 6 feet wide, and 5^ inch, thick. The Butterley 
Company succeeded in obtaining space for a railway bar 117 feet long 
and d\ inch, deep, equal in length, therefore, to more than six ordinaiy 
rails. A tension bar for a wrought-iron girder is also exhibited, 83 
feet long, 12 inch, wide, and 1 inch thick. A railway carriage axle, 
bent cold, and a railway tank pumping engine, are also exhibited, 
besides a lot of sections of T and angle-iron, deck beams, &c., and 
specimens of the coal and ironstone from which the whole were man- 
ufactured. In Class 5, the Butterley Company also exhibit a patent 
solid wrought-iron girder, 60 feet long, 14 inch, deep, and having 6^- 
inch flanges. 

" It will be borne in mind that, until within a few years, it was 
practically impossible to roll beams, &c., of the proportions now 
exhibited, while large armour-plates and wrought-iron engine beams 
were unheard of. 

" The Lowmoor Iron Company exhibit bowl-shaped vessels, drawn 
out by the hammer from circular iron plates, from 3 feet to 3 feet 10 
inch, in diameter, and perhaps f inch thick. These are placed upon 
a table, the top of which is a large plate of iron, supported by legs of 
round iron bars, each tied in a knot. 

" The Bowling Iron Company, the Monkbridge, the Shelton Bar Iron 
Company, and others, exhibit samples of their productions, the Shelton 
Company sending a plate of 112 square feet area, and -^^ inch thick. 

" The Weardale Iron Company, of Tow Law, Durham, send a 
variety of engine axles, tyres, &c., of Bessemer steel. 

" Messrs. Taylor Brothers, of Leeds, send cranks, tyres, &c. 

"The Mersey Iron and Steel Company, of Liverpool, exhibit a 
double-throw wrought-iron crank-shaft, weighing between 24 and 25 
tons, and made for Messrs. Penn & Sons, for the engines of one of the 
new iron-plated frigates of 1,350 horse-power. The forging is a very 
smooth one, and a notification appears on one of the cranks that it 
has neither been smithed nor tooled. 

" The greatest display of steel in the Exhibition, and no doubt the 
greatest ever made, is that of Herr Krupp's, in the western annexe. 
The whole quantity of cast-steel exhibited by this maker must be 
about 100 tons, covering a platform 40 feet long and 17 feet wide. On 
another page we have given a view of the collection as it stands. 
There are two halves of an ingot, which, before breaking in two, 
weighed 21 tons. The ingot is 3 feet 8 inch, in diameter, and each half 
is nearly 5 feet long. After it was cast it was cut around in the middle, 
and broken under Krupp's famous hammer, the head of which weighs 
40 tons and falls 10 feet.. The fracture shows perfectly sound metal, 
although the ingot has never been hammered. Another ingot, 8 feet 
long, and weighing about 8 tons, is shown, rough at one end and ham- 
mered down at the other. An ingot, originally weighing nearly 15 tons. 
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and 30 inch, by 17 inch, in section, is shown broken into four pieces, 
so as to disclose the internal character of the metal. A cast-steel 
intermediate shaft, of the kind snpplied to the Holyhead and Kingston 
boats, is also shown. It is about 15 feet long and 2 feet in diameter, 
with a large air-pump crank-throw in the middle. The weight of this 
specimen is 15^ tons. A cast-steel breech-loading gun, weighing 9 
tons, and having a bore of 9 inch., is exhibited, bored and partly turned. 
Also guns of the like description, and in like condition, rating, respec- 
tively, as 100, 68, 40, 25, and 12-pounders; also a rifled muzzle-loading 
4 pounder. Six small steel cylinders are also shown, to illustrate dif- 
ferent systems of rifling. A cast-steel double-crank screw-shaft, 24 feet 
long and 16 incL in diameter, made for the 700 horse engines of the 
North German Lloyd's steamers, running from Bremen, vui Southamp- 
ton, to New York, is shown, and also a finished steel shaft for one of 
the Danube steam-boats. A steel pump rod, 30 feet long and 5 inch, in 
diameter, is shown, and but for limited space a rod 60 feet long would 
have been shown, up to which length they have actually been made. 
A cast-steel two-bladed screw propeller, 9 feet in diameter, and weigh- 
ing 800 lbs., is shown; also the head and flukes of an anchor on 
Trotman's principle. A number of cast-steel engine tyres are exhi- 
bited, among them a pair on the wheels, as taken from the Eastern 
Counties Railway, after running 67,000 miles without once turning, 
the wear being very uniform, and about ^ inch in depth all round. 
A number of cast-steel axles, one having been run 66,179 miles, and 
another which has run 73,494 miles, are also shown. There is also a 
collection of steel rifle barrels, specimens of tool steel, rolls, &c. But 
for the limits of the space allotted to him, Herr Krupp would have 
exhibited some large steel plates. He is now erecting a rolling mill 
with 2,000 horse-power, and rolls 15 feet in clear length between the. 
standards, for rolling armour and other plates of cast-steel. By this 
mill he will be enabled also to turn out plates each sufficiently large 
for the whole barrel of the largest locomotive boiler ever made. The 
Peninsular and Oriental Steam Navigation Company, we may add, 
have commenced the use of Krupp's steel shafts in their steamers. 
We should observe, while we are upon this subject, that in the most, 
impoi-tant cases the examples of Krupp's steel in the Exhibition, have 
been purposely broken, to show the quality of the metal. The frac- 
tures show sound steel over their whole surface, and aflbrd far better 
evidence of quiility than any mere forging, however large, or however 
handsomely finished. 

" The Bochum Company, whose works are also in Rhenish Prussia, 
and but a few miles from Krupp's, exhibit a cast-steel bell, weighing 
between 8 and 9 tons, as also a pair of cast-steel engine tyres of the 
great diameter of 9 feet 6 inch., besides cast-steel wheels and axles for 
railway carriages, &c. 

" The mode of casting steel into bells, wheels, and other objects, 
originally practised at Bochum, has for some time been adopted in 
Sheffield, and Messrs. Naylor, Yikers, & Co. exhibit a number of 
such castings. Considering the difficulties .in casting steel, these 
examples, although showing numerous small surface cavities, are, 
nevertheless, very creditable to the makera 
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" Messrs. Charles Cammell, of the Cyclops Steel Works, Sheffield, 
send numerous examples of their productions, and also a large and 
handsomely finished machine, made by Messrs. Greenwood <fc Batley, 
of Leeds, for testing Messrs. Cammell's steel daily, at their works, by 
tension, compression, and torsion. We expect to be able shortly to 
give an illustration of this machine, and shall defer till then a notice 
of the manufactures accompanying it. 

" Messrs. Shortridge, Howell, & Co. contribute an interesting col- 
lection of ' homogeneous metal,' and other steel or steely iron plates, 
tubes, ingots, &c. A. cast-steel ingot, 10 inch, square, presents a 
splendid fracture, and is accompanied by a case of numerous smaller 
samples of steel showing fractures also. A plate of 'homogeneous 
metal' 6 feet 6 inch, long, 6 feet wide, and -^g^ inch thick, is exhibited, 
along with one 16 feet 6 inch, long, 3 feet wide, and ^ inch thick. 
There is also a length of lap- welded tube of the same mateiial, 3 feet 
in diameter and ^ inch thick.. Homogeneous metal, so called, has 
only been produced to any extent since 1856. Wrought-iron, as is 
well known, is almost, if not entirely, infusible, but when cut into scrap 
and put in a crucible along with 5 oz. or 6 oz. of charcoal to every 40 
lbs. of metal, it will melt under a high heat, and become exceedingly 
tough and strong. The ordeal is a severe one, however, for the melt- 
ing jx>ts, and ' homogeneous ' metal thus produced is never likely to 
be cheap. Its strength is undoubtedly great, and its quality excellent. 
Sir John Burgoyne, we understand, in reporting upon some lifle experi- 
ments conducted at Chatham, stated that a J^-inch plate of this metal 
was proof against a Mini6 ball at 100 yards range, whereas a J-inch 
plate of Low moor iron was not so. The force required to perforate a 
plate by a rifle bullet must be the same as that required to make a 
like hole by a punching machine; and as the resistance to punching is 
exactly as the tensile strength, we should say the alleged results of the 
Chatham experiments were perfectly probable, Messrs. Napier's experi- 
ments having shown the greatest cohesive strength of small bars of 
Lowmoor iron to be 67,876 lbs. per square inch, while that of Messr& 
Shortridge, Howell, & Co.'s homogeneous metal was 99,570 lbs., the 
lowest breaking strain being 82,218 lbs. Mr. Howell also exhibits 
some cast-steel shells, cast without a core, the metal having been 
poured into a mould made to i-evolve rapidly in two directions at the 
same time. Shells can be thus cast of any thickness, and when after- 
wards filled in action with molten iron, the heat, instead of melting 
them, will only increase their toughness. On this accoimt Mr. Howell 
hopes to be able to fire these shells red hot through thick armour-plates. 

" We must close for the present with a notice of the objects, in 
Bessemer steel, exhibited in the case of Messrs. Bessemer & Co., of 
Sheffield. This case, apart from its contents, we may observe, is one 
of the handsomest objects in the building, occupying a space of 35 feet 
square in the southern portion of the eastern transept, near the dome. 
The simple discovery which has given to the world the cheap and ready 
means of making this steel direct from pig-iron is, perhaps, the most 
remarkable addition to modem scientific knowledge since the invention 
of the steam engine itself. The wide interest attaching to the process 
justifies us in describing it, with proper illustrations, on another page. 
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" Messrs. Bessemer A Co. exhibit the following objects in Bessemer 
steel: — 1st. Cast-steel octagon ingot, 14 inch, diameter, broken to 
show that it is perfectly solid ; the fi-acture is presei-ved at one end, 
while the other is turned up in the lathe, and its perfect suiface can 
only be detected from forged steel by the unturned portion still 
exhibiting the marks of the mould. As an ingot it is a most perfect 
example, and is the best answer to the statements of * W. S. P.' in 
a letter which appeared in our last number. 2nd A cast-steel ingot, 
18 inch, square, weighing 28 cwt. ; this ingot is the 6,410th 'direct 
steer ingot made by Messrs. Bessemer <fe Co., of Sheffield. 3rd. A 
24-pounder steel gun, in the rough, with the trunnions formed upon 
it, out of an ingot of the same size as the above. This gun is the 
ninety-second made by Messrs. Bessemer & Co. 4th. A 24-pounder 
steel gun, bored and finished by Messrs. Fawcett, Preston, & Co., of 
Liverpool, for whom a dozen of the same size are in course of being 
forged. 5th. A 34-pounder spherical shot in steel ; also a 43- pounder 
spherical shot, with a flat zone, fitting accurately the bore of a 32- 
pounder, and an elongated 80-pounder for the same gun. The latter, 
being on the turbine principle, is suitable for discharging from a 
* smooth bore,' and will receive rotatory motion during its passage 
along the chase of the gun, thus rendering rifling unnecessary, and 
giving a higher velocity to the projectile. 6th. There are also half- 
a-dozen swords, a shield, a dozen bayonets, cuirass, helmet, Enfield 
rifle, and rifle barrels and revolver, all made of Bessemer steel, by Mr. 
Reeves, of Birmingham. In the engineering department will be 
found a 50 horse-power crank-shaft, made by Messrs. Galloway, of 
Manchester; a marine engine cross-head, by Fawcett, Preston, & Co., 
of Liverpool ; an immense screw nut, and screw and box for a rolling 
mill, by Messrs, Hawkes <fe Smith, of Birmingham ; a steel piston rod, 
7 inch, diameter and 14 feet long, two smaller ones, and the piston rod 
of a locomotive engine, finished bright, and then folded backward and 
forward into a short length by the steam hammer, the severe blows of 
which are shown on its surface. There is also a hydraulic press 
cylinder and 7-inch ram fitted into it, by Messrs. Peel, Williams, & 
Peel, of Manchester, who have a patent for steel cylinders. The ex- 
treme lightness of this press renders it particularly applicable for cotton 
pressing in India. This thin cylinder is capable of sustaining a pressure 
of 12 tons on every square inch. In railway matters we have — ^first, a 
rail 40 feet in length, rolled at Crewe. It is a beautiful sample of its 
kind. Some hundred tons of the rails are now laid. Next is a 
rail twisted cold into a spiral like a ribbon, and it does not 
show a single flaw after this severe treatment. All idea of the 
'brittleness of steel' vanishes with the inspection of this example. 
There are also some close bends of rails, one of which is deserving 
special notice. Mr. Bamsbottom, the able engineer of the railway 
works at Crewe, had this piece taken up while covered with sharp 
frost, and placed under the large steam hammer, where it stood the 
blows necessary to double both ends together, without showing the 
smallest indication of fracture. This is an important fact in relation 
to the action of frost on steel, which is not affected thereby like iron. 
Under a glass shade is also exhibited several crop ends, or waste 
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pieces, cut from rails now in use on the London and North- Western 
Eailway. They show beautiful fi-actures. Some of the pieces have 
been polished at the ends, to show how perfectly free they are from 
flaws ; one specimen, being polished all over, gives an excellent idea 
of the very beautiful material which lies below the dark scale of these 
homogeneous rails. There are also a pair of locomotive engine tyres 
and a passenger carriage tyre, one left black from the rolls, and the 
other two finished bright. These tyres are especially interesting from 
the fact that the first solid form that the metal assumed was that of a 
hoop with a raised flange ; the metal was never even in the form of 
pig-iron, having been run direct from the blast furnace into one of 
Bessemer's converters, and, after nine minutes' blowing, was run into 
the mould, and formed into a cast-sted tyre. In these beautiful tyres 
we have an example of the complete and precise working out of Mr. 
Bessemer's first plans, as laid down in 1856 in his paper at Chelten- 
ham. The metal was run at once from the blast furnace into an 
upright fixed cylindrical vessel, with horizontal tuyeres fixed radially 
around the lower part, the quality or temper of the steel being asper- 
tained by the appearance of the flame and sparks, and the metal was 
tapped by a bar, as practised in iron-founding, and as indicated in 
Mr. Bessemer's patent. There is no alloy of metal, no ^ spiegel eisen,' 
and no manga/nese in any form whatever, nor was any metal employed 
to re-carbonize, the entire process being precisely the same in all its 
details as that described to the meeting at Cheltenham, and patented 
by Mr. Bessemer. There are also some extraordinary examples of the 
toughness of the Bessemer steel, made from British coke pig-iron, 
among which may be enumerated two deep vessels of 1 foot in 
diameter, with flattened bottoms and vertical sides. At the top edge 
one of them is | jnch, and the other | inch in thickness. These were 
forced up in a press from flat circular disks of steel. They can now be 
drawn into long tubes, either of their present diameter, or they may 
be reduced to locomotive boiler tubes of 2 inch, diameter. There is 
also shown an attempt to raise a piece of the best quality of Stafford- 
shire iron plate by the same tools ; this only went about as deep in 
proportion as a dinner plate before it fractured all around the punch, 
and almost fell in two pieces. It may be remarked that Mr. Parkes, 
who invented' this beautiful system of making un welded tubes, has 
been obliged to use the very highest quality of copper for that pur- 
pose, as the ordinary copper of commerce generally cracks ; but the 
Bessemer steel, as seen by these examples, stands this fearful ordeal 
with perfect safety. There is also a 5-inch square bar folded up quite 
close (red-hot), as an example of the powers of stretching hot without 
a symptom of crack or flaw. Another 5-inch bar is half cut through, 
and then doubled close up, without any sign of fracture; a mass of 
4 incL in thickness is cut into nine cubes, not quite separated, and 
showing great tenacity as well as facility in working the metal. A 
4-inch square bar has been so twisted while hot that its angles have 
approached within less than half-an-inch of each other, so that what 
was originally 1 foot length of surface has now become 2^ feet, while 
the central portion of the bar still preserves its original length of 1 
foot Mr. Bessemer also exhibits beautiful samples of steel wire, by 
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Fox, of Deepcar, near Sheffield ; wire cards for cotton and wool, by 
Messrs. Fairbaim Brothers; and some of these sharp elastic cards may 
be seen in the western annexe on the carding machines of Messrs. 
Piatt Brothers. There are also samples of plates of 4^-inch. to -^ inch 
thick ; also round and squai'e bars from 4 inch, diameter to \ inch ; 
also flat and octagon tool steeL Among the tools exhibited are some 
beantiful taps, from \ inch to 3 inch, diameter, by Chatwin, of Bir- 
mingham; files, saws, and a variety of other tools, by Ibbotson, of 
Sheffield ; steel pens and split rings, by Mason, of Birmingham ; and 
some beautiful cutlery, by Mr. Botherham, of Sheffield. There are 
also exhibited on boards two piles of * scrap'— one is boiler-plate 
scrap, and the other * ladle skulls,' that is, the thin shell of steel which 
sets in the ladle during the casting process. It is, consequently, 
neither hammered nor rolled. These piles have placed before each of 
them a bar of steel, made by treating a similar pUe precisely the same 
as scrap-iron would be treated, and forging them into a solid bloom. 
A part of each bar, or bloom, has been turned in the lathe to show 
how sound the welding of some hundreds of pieces may be made. 

" Whatever may be the contrasts between the former and the pres- 
ent International Exhibitions, there is none in which the superiority 
of the present is more manifest than in the examples of iron and steel 
already noticed in this article. In 1851 the Butterley Company 
could have sent no such beams and plates, the success of the great 
Mersey forging would have been to some extent doubtful, while as for 
Krupp's great steel forgings, they would have been looked upon as 
impossible, and Bessemer's steel, the Bochum steel castings, and 
Messrs. Shortridge & Howell's * homogeneous metal' were unknown. 
With such progress in so brief a period, what may we not look for in 
the fature?" 
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Extract prom " Proceedings op the Scottish Shipbuilders' 
Association," 5ih Jamw/ryy 1863. 

" J. G. Lawrie, Esq., Vice-President, in the Chair. 

" Amongst the preliminary business, Mr. Mansel alluded to an article 
which had appeared in a recent impression of the Army and Navy 
Gazette, in reference to which (in concurrence with the opinion 
of several members ; and as a simple act of justice to Mr. David 
Kirkaldy) he had considered it his duty to write to the Editor of that 
periodical the following letter : — 

"Scottish Shipbuilders' Assoclation, 
" QuEEs's Rooms, Glasgow, 2'ith Dec^ 1862. 

" The Editor of the Army and Navy Gazette, 
"Sir, — I have noticed an article in your impression of the 13th 
December, describing a highly impoi-tant impi-ovement in the mode of 
treating steel, which had been lately introduced at Woolwich Arsenal, 
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By the simple process of heating steel, and then plunging it in oil, or, 
as we may say, by hardening it in that medium, it is correctly stated 
that the tenacity of the metal is greatly increased; and there is little 
doubt but the inferences arrived at will be fully verified, and we will 
find * this toughened metal is likely to form a suitable material for 
forming the interior tubes of built up guns,' and again, that *the 
virtually condemned steel vent-pieces, which cost several thousands of 
pounds, can now be bix)ught into use.' 

" Exceptions, however, are likely to be taken to Mr. John Anderson, 
Assistant Superintendent* of "Woolwich Arsenal, Ijeing * congratulated 
on his valuable discovery,' seeing that, about two years previously, the 
fact upon which it was based was openly published as one result of 
the careful and elaborate set of experiments made for Messrs. R. 
Napier <fe Sons, of Glasgow, by Mr. David Kirkaldy. 

" These experiments formed the subject of a paper by Mr. David 
Kirkaldy, entitled, 'Results of an Experimental Inquiry into the 
comparative Tensile Strength and other Properties of Steel and 
Wrought- Iron under various conditions,' which was read before the 
Scottish Shipbuilders' Association on 1st April, 1861; an abstract of 
the conclusions arrived at appearing about that date in several 
periodicals, for example, Glasgow Herald, 4th April, 1861, Engineer, 
12th April, 1861. 

" * ConcliLsion 11th. — Influence of various kinds of treatment. Thus, 
in the hardening of steel: by hardening in water, in the ordinary 
way, the strength was found to be reduced twenty-six per cent.; 
whereas, by hardening in oil, the strength was increased seventy-nine 
per cent.' 

" The process of tempering in oil has, I believe, been long known 
and practised, in order to confer desirable qualities on steel instru- 
ments; but, so far as I am aware, Mr. Kirkaldy was the first to 
definitely point out the vast increase of tenacity of oil-hardened steel 
over the same steel when water-hardened. In conclusion, I may 
mention that the experiments referred to, together with a prior set 
communicated to the * Institution of Engineers in Scotland,' are em- 
bodied in Mr. Kirkaldy's volume of experimental data, published 
last July. — I have the honour to remain, youra truly, 

" Robert Mansel, Secy, 

" Mr. Mansel was not aware of any special notice having been taken 
of this communication; but subsequently, in an editorial note, the 
claim of novelty, advanced for Mr. Anderson, had been withdrawn. 

" Mr. £RAGGE.t — A great deal of amusement was excited in Sheffield 
by the appearance of this article, claiming as an original invention a 
pi-ocess which had been known in Sheffield for a century at least. It 
is a well-known fitct — every one who has had practical experience of 
large screw taps knows — that when jbhese taps are hardened in water, 
the very first time of using carries off the cutting edge ; when they 
are hardened in oil they will stand for a very long time. 

" The Chairman said — It is quite correct what Mr. Bragge tells us, 

* Since appointed Chief Superintendent. 

t Of Messrs. J. Brown & Co., Atlas Works, Sheffield. 
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that the tempering of large taps in oil makew them stand a great deal 
better. I am not sure, however, although that is the case, that there 
was any clear idea that the bar of steel, per square inch, would stand 
a gi-eater breaking strain. It may have been so; but I am not awai'e 
that that was clearly brought out. 

" Mr. Bragge. — It gave it a quality of toughness which, when tem- 
pered in water, it had not. When tempered in water brittleness is 
the inevitable result; when tempered in oil that brittleness is 
absent. 

" Chairman. — That toughness applies, not only to the surface, but 
to the interior of the bar 1 

" Mr. Bragge. — Yes. It appears to me you cannot have two quali- 
ties — an external and an internal quality of hardness^unless in a 
very large mass. . . 

" Chairman. — Suppose you were to temper a bar two inches square 
in water, and another in oil— cut a bar of one square inch from, the 
centre — would that tempered in oil be stronger? Was it known 
before Mr. Kirkaldy pointed it out that the one tempered in oil 
would be stronger 1 

" Mr. Bragge. — I am not aware that the experiment has been made. 
But the simple fact of hardening in oil to obtain toughness, has been 
known since saws were made; for saws have always been, within the 
"memory of man, hardened in oil, and never in water. 

" Mr. Kirkaldy. — If you harden a saw in water it will be all bent 
and twisted ; and it was only to prevent this twisting that oil was 
used instead of water. 

" Mr. Bragge. — There seems to be something in the giving off of 
the heat in the winter which oil does not possess. The water absorbs, 
as it were, the heat of the steel instantaneously, while the oil absorbs 
it with a certain degree of slowness; and, therefore, in hardening 
springs of the best quality, oil is adopted instead of water. 

" Mr. Kirkaldy. — I think it could not have been known previous 
to my experiments that the strength of steel was so greatly increased 
by being hardened . in oil ; otherwise, why were * the steel vent- 
pieces ' referred to by the Editor of the A rmy mid Navy Gazette, on 
13th December, not originally so treated? I may mention that Mr. 
Anderson obtained a copy of my Expei^mervts on Wrought Iron amd 
Sted from myself on the 20th October ; and probably his attention 
was directed to the subject from the facts elicited in course of my 
experimental inquiry. 

" Mr. Barber. — I think it is quite right that credit should be given 
to whom credit is due ; and I think Mr. Mansel did quite right to let 
the public know that Mr. Kii-kaldy had found out the fact before 
Mr. Anderson." 
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a work of no inconsiderable time and labour, may well be conceived, when we find that 
altogether some 1,500 specimens have been submitted to test in one way or other, and the 
results classified and tabulated in a singularly minute, systematic, and exhaustive fashion. 
. . . . The contraction of the sectional area under tension, and at the moment of fracture, 
and the indications thus afforded of the nature of the metal, are, we believe, for the first 
time, systematically recorded and pointed out in the work before us." 

The Civil Engineer and Architect's Journal, Ist April, 1863. 
"After the extracts that have been given, it is hardly necessary to say much in com- 
mendation of the work. Its author has done signal service to engineering science, and one 
that will prove indirectly of real benefit to our iron manufjEicture. Hitherto we have 
possessed no work on any one mechanical property of wrought-iron to approach the unpre- 
tending volume before us in the comprehensiveness and scientific arrangement of its 
experimental results." 



The Building News, 5th September, 1862. 
'' It is a notorious &ct, that hitherto our knowledge of the tensile power of wrought- 
iron and steel has been of the crudest and most unsatisfactory character. .... The 
book we cordially commend. The general reader will glean from its pages much valuable 
information ; to those interested in scientific purstdts the work wiU be an acquisition ; to 
the student of metallurgy, architects, and engineers, engaged in the application of wrouglit- 
iron or steel, a great desideratum ; whQst to all those employed in the manufacture of iron 
or steel, we unhesitatingly affirm, the possession and serious study of Mr. Kirkaldy's volume 
is an absolute necessity." 

The Buildee, 4th October, 1862. 
" The importance of this laborious volume is unquestionable." 

The Mining Journal, 16th August, 1862. 

**To give an3rthing like a complete analysis of th^ result of more than three years' 
labour in a single article would, of course, be extremely difficult. We shall therefore con- 
tent ourselves for the present with remarking that the manner in which the work has 
been done, and the lucid way in which the results are recorded, reflect the highest credit 
upon the author, and we doubt not that his book will eqjoy that large amount of patronage 
it so well deserves." 

The Artizan, Ut August, 1862. 

"Mr. Kirkaldy here presents us with a vast amount of information, arranged and 
classified in a very convenient manner for reference,' — ... a careful peru^ of which 
we commend to all practical men engaged in the useftQ employment of steel and iron, and to 
the scientific world in general." 

The Ironmonger, Slst October, 1862. 
"As for the book itself we unhesitatingly affirm it to be the most complete record of 
an experimental inquiry ever published. Its immense superiority over most treatises on the 
strength of materials is chiefly owing to the author's sensible determination to give a detailed 
account of the processes as well as of the results of his inquiry." 

Mitchell's Steam-Shipping Journal, 14th November, 1862. 
" Mr. Kirkaldy's patient and timely experiments on the strength and tensile strain of 
iron and steel may serve to lay the foundation for a better regulated set of Rules (Lloyd's 
Register Committee) ; and we can recommend his book to all who may wish to arrive at an 
understanding on so important a question as the qualities of iron for Shipbuilding and 
other purposes." 

The Colliery Guardian, ISth SepteTnber, 1862. 
" We can recommend this book. . . . . Ko one interested in the experimental data 
furnished by it would be without it, did they but know its real worth." 

The Athen^um, 6th September, 1862. 
" An elaborate professional work, of the kind which we cannot criticise, evidently by 
an author who is competent both to experiment and to describe." 

Proceedings op the Institution of Engineers in Scotland, 18th November, 1862. 
" The institution could not be too grateful to Mr. Eirkaldy for his labours ; for he had 
collected a mass of facts which were of the highest value in a scientific and practical point 
of view." 
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